1000-0569,/2009/025 (08 ) -1897-08 Acta Petrologica Sinica % % 54k

15T & T4 SR R S M ER AL
R SR

HAM? HEE Bt Exg £ER AEX
DU LiLin'*?, YANG CongHui', GENG YuanSheng' , WANG XinShe' , REN LiuDong' and ZHOU XiWen'

Loy [ BB B s ST 0, AL s 100037

2. EIRL A B B S R A ST AT, AL 100029

1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China

2. Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China
2008-12-09 )& 4% ,2009-02-10 7 = .

Du LL, Yang CH, Geng YS, Wang XS, Ren LD and Zhou XW. 2009. Petrogenesis of the Gaojiacun mafic-ultramafic
pluton at the southwestern margin of Yangtze Block: Evidence from petrology, geochemistry and geochronology. Acta
Petrologica Sinica, 25(8) :1897 —1908

Abstract The mineral assemblage, crystallizing sequence and ubiquitous occurrence of hornblende in the gabbro-peridotite pluton
near Gaojiacun Village, Yanbian County, Sichuan Province, all indicate that the rocks formed from the hydrous magma. The obvious
negative correlations between the major components Al,0;, CaO and MgO imply that plagioclase is not an early cumulate phase. With
the total REE contents from 5. 97 x 10 ~® to 221. 32 x 10 ™°, the LREE are moderately enriched and the LREE and HREE are weak to
moderately differentiated. While the Eu anomaly is weak in gabbro and pyroxene-bearing diorite, but prominent in olive-gabbro and
peridotite. As to the trace elements, negative anomalies of Nb, Ta, Zr, Hf and Ti, but positive anomalies of Ba and Sr can be
observed in the gabbro and pyroxene-bearing diorite. Meanwhile the &y, (#) gives the range of 0. 59 ~ 1. 86, which is lower than that of
the contemporaneous depleted mantle, suggesting the similar feature to that of basic magma of the island arc. In addition, the
Neoproterozoic age, 822 +8Ma, is obtained with SHRIMP U-Pb analysis of zircon from the pyroxene bearing diorite. Summarizingly the
Gaojiacun pluton was derived from the partial melting of the depleted upper mantle which had experienced alteration by the fluids from
the subduction zone.
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Fig. 1 Sketch map of Gaojiacun mafic-ultramafic pluton (a, simplified after Li et al. , 2006)
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Fig.2 Petrographic features of Gaojiacun mafic — ultramafic pluton

a-anhedron pyroxene in oliver-gabbro; b-hornblende reaction rim texture in oliver-gabbro; c-anhedron orthopyroxene in peridotite; d-fine grain spinel

in peridotite
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Table 1 Major( % )and trace elements( x 10 %) analyses of Gaojiacun mafic-ultramafic pluton
A CX419-1 CX419-2 CX420-1 CX420-2 CX256-1 CX258-1 CX254-1 CX471-2 CX472-1 CX472-2
ae RS mkw omkw omew omen (2B BB wmn s
Si0, 49. 96 48.39 52.37 54.94 50. 38 50.03 44. 94 46.27 35.6 36.97
TiO, 2.95 1.25 1.02 0.72 1.25 0. 88 0.36 0.21 0.26 0.24
AL, O, 14. 49 17.6 13.58 14.97 12.49 17. 26 15. 69 21.44 2.96 4.78
Fe, 03 6. 60 4.34 0.93 3.07 2.91 2.26 3.19 2.26 13.18 10. 18
FeO 8.17 5. 86 9.19 8. 69 8.5 5.41 6.11 3.81 4.14 4.84
MnO 0.19 0.16 0.16 0.19 0.22 0.13 0.13 0.08 0.18 0.15
MgO 4.42 8.08 11.55 7.96 10. 24 7.97 14.1 10. 37 31.58 29.92
CaO 8. 15 10. 49 8.49 5.04 11. 86 11.01 13.5 12.29 1.59 2.72
Na, O 3.5 2.75 1.95 3.41 1.59 2.55 0.92 1. 15 0.19 0.18
K,0 0.79 0.36 0.39 0.69 0.4 0.99 0. 05 0.05 0.06 0. 05
P, 04 0. 66 0.28 0.42 0.53 0.24 0.43 0.02 0.02 0.04 0.03
LOI 0.45 0.48 0.31 0.15 0.5 1.49 1.72 1.83 10.28 9. 86
Total 100. 33 100. 04 100. 36 100. 36 100. 58 100. 41 100. 73 99.78 100. 06 99.92
Mg* 0.39 0. 63 0.72 0.59 0. 66 0.69 0.76 0.78 0.79 0. 80
La 31.24 11. 04 40. 06 17.23 11.10 8.77 0.79 1.12 1.15 0.73
Ce 77. 84 27.09 87.58 40. 49 29. 60 20. 40 2.18 2.64 2.75 1.76
Pr 11. 10 3.86 10. 51 5.51 4.51 2.83 0.36 0.42 0.40 0.25
Nd 54.75 19.97 49. 08 28. 88 22.70 13.90 2.15 2.62 1.93 1.45
Sm 10. 27 4.02 8.85 6.72 6.07 3.41 0. 68 0.71 0.38 0.32
Eu 3.39 1.85 2.53 2.09 1.68 1.41 0.45 0.62 0.20 0.24
Gd 10. 80 4.46 7.65 7.85 5.92 3.43 0. 84 0.73 0.39 0. 38
Th 1.51 0.65 1. 04 1.26 0.92 0.53 0.12 0.13 0.07 0. 06
Dy 8. 67 3.74 4. 85 7.55 5.42 3.05 0.73 0. 65 0.37 0.32
Ho 1.70 0.74 0. 86 1.55 1. 06 0. 60 0.14 0.12 0.07 0. 06
Er 4.73 2.07 2.55 4.33 2.99 1.62 0.38 0.34 0.20 0.19
Tm 0. 68 0.30 0.33 0. 60 0. 40 0.22 0.05 0.05 0.03 0.03
Yb 4.02 1.78 2.06 3.60 2.48 1.39 0.30 0.27 0.16 0.16
Lu 0.63 0.29 0.33 0.56 0.36 0.19 0. 04 0.04 0.02 0.03
Y 40. 29 17. 64 20. 56 35.50 26.90 15.20 3.46 2.92 1.91 1.76
Cr 18. 03 153.9 615.6 202. 4 324 454 527 515.8 > 1000 >1000
Ni 24.21 41.21 252.5 63.79 87.50 70. 60 170.0 117.5 876.8 815.7
Se 26.40 24. 48 24.35 26. 36 58. 30 37.80 40. 10 10. 48 10. 07 9.91
Ga 22.51 19. 14 18.13 16. 54 16. 40 16.70 11. 80 15.33 4.73 5.15
Rb 8.91 2.11 9.17 17.21 8. 09 21.20 1. 09 1.17 1.38 1.51
Sr 583 762 585 606 547 641 513 725 41 72
Ba 452 231 740 552 221 444 40 55 44 40
Th 1.52 0.28 11.37 1. 66 0.92 0.79 0.04 0.04 0.14 0.11
Pb 6.95 2.22 9.11 7.37 8.18 7.11 1.79 0.43 0.32 0.49
U 0.56 0.07 2.54 0.54 0.27 0.19 0.02 0.00 0.04 0.03
Nb 19. 04 4.06 6.59 4.12 4.36 1.93 0.29 0.20 0. 40 0.28
Ta 0.98 0.21 0. 62 0.35 0.26 0.13 0.02 0.04 0.08 0. 06
Zr 189.5 81. 01 85.45 14. 41 134.0 56.30 8.03 9.12 11.39 7.28
Hf 5.47 2.59 2.95 0. 62 3.99 1.75 0.29 0.29 0.26 0.18
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Table 2 Sr and Nd isotopes analyses on Gaojiacun mafic-ultramafic pluton

B Rb( x1079) Sr( x107%) 87 Rb/% Sr 87Sy/80 Sy (20) 781/%Sr(, soama)
CX254-1 0.618 529.139 0. 003379 0. 704673 11 0. 704633
CX256-1 7.496 532.769 0. 040694 0. 705003 10 0. 704525
CX258-1 20. 582 629. 119 0. 094633 0. 705442 12 0. 704330
B Sm( x107%) Nd( x1079) 1479/ Nd B Nd/*Nd (20) NN ooy ENd(522M0)
CX254-1 0. 701 2.119 0. 199980 0. 512686 10 0.511608 0.59
CX256-1 5.983 22.344 0. 161891 0.512509 14 0.511636 1. 14
CX258-1 3. 406 13.784 0. 149406 0.512478 14 0.511673 1.86
1000 1000
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Fig.4 REE (a, chondrite data of Leedy from Henderson, 1984 ) and trace elements (b, N-ORMB normalization data from Sun an
McDonough, 1989) patterns of Gaojiacun mafic-ultramafic pluton
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Fig.5 CL images of zircons from Gaojiacun mafic-ultramafic pluton
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Table 3 Zircon SHRIMP analyses on Gaojiacun mafic-ultramafic pluton
. o 206Pb(. U Th ZOGPb * 232Th Zzofxipb 207 Pbx 207 Pb * 2[)6Pb*
W5 (%) (x107°) (x107%) (x107°) U Agc’&a) wppr Ty Ty 2%
CX419-1-1. 1 2.44 18 11 2.1 0.61 795 £17 . 0535 8.6 0.97 8.9 1312 2.2
CX419-1-2.1 0.71 14 9 1.6 0. 69 811 +18 .0743 5.5 1.37 6.0 . 1341 2.4
CX419-1-3.1 0.54 25 21 3.0 0. 87 838 +15 . 0724 3.8 1.38 4.3 . 1387 1.9
CX419-14. 1 0.85 25 14 3.1 0.55 861 £ 16 . 0655 7.0 1.29 7.2 L1429 2.0
CX419-1-5.1 1.70 24 12 2.8 0.51 799 £15 . 0641 8.1 1.17 8.3 L1320 2.0
CX419-1-6. 1 0.54 33 29 3.8 0.93 817 +14 . 0672 4.8 1.25 5.1 . 1351 1.8
CX419-1-7.1 0.55 31 27 3.7 0.90 821 =14 . 0685 5.4 1.28 5.7 . 1357 1.8
CX419-1-8. 1 1.25 15 10 1.9 0. 68 849 19 .0743 5.6 1.44 6.1 L1408 2.3
CX419-19.1 1.02 27 24 3.2 0.92 813 +14 . 0620 6.2 1.15 6.5 . 1343 1.8
CX419-1-10.1 0. 84 53 34 6.2 0. 66 821 +12 . 0621 4.8 1. 16 5.1 . 1359 1.5
CX419-1-11. 1 1.24 30 27 3.6 0.95 836 £ 14 . 0627 6.0 1.20 6.2 . 1385 1.8
CX419-1-12.1  0.46 22 18 2.5 0. 84 799 £23 .0733 4.0 1.33 5.0 L1320 3.1
CX419-1-13.1 0.38 27 22 3.2 0.85 819 +22 . 0708 3.7 1.32 4.6 L1355 2.8
CX419-1-14.1  0.98 29 21 3.5 0.75 835 +14 . 0627 5.8 1.19 6.1 . 1382 1.8
CX419-1-15.1  1.22 29 26 3.4 0.95 815 £ 14 . 0663 6.8 1.23 7.1 L1348 1.9
CX419-1-16.1  0.41 24 19 2.8 0.79 809 +£25 . 0694 5.1 1.28 6.0 L1337 3.2
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Fig.6  SHRIMP U-Pb concordia diagrams for zircons from

Gaojiacun mafic-ultramafic pluton

FHCATHLE) = Jo R B b, & R B G AR R b W B AR
SE DXIRAZ I TR A7 F 285 DX 0 TE 7K A R 2R W A%
N, BHRAA TR Z SR S o B M2 RO S MR
A WA RHAT, MR A R B N - s — s —
WERK A (Gaetani et al. , 1993) o ARSCHMFME LN, K
AL 23 B4 s (i) TE BRI & b A 2 05
L5 R (ARG R ) S v U B
FHAT . RUDE I INSE S R b, 4 ) 50 45 U JE NS
ORI (CRRDEA) R A a Z R B X5
HAINMRRPFIE— B RYEDLA (2004) \Zhu et al. (2006,

2007 ) 4 H 5 AR B [ 1 v K 3 2 i b MO o S
RO A BB 45 S U S B A — SRR (R W)
—RHAT— (AR s[RI, 24 B4, S TR U HE o b,
A B S SRR I (IR ) B2 B (R4S,
2004) . LA IR, G A R TE R DA R A il B
IR FIEE SR,

AR B A WEFE P (AR 45, 1989 ; Munteanu et al.
2006) , =5 ZA PR o ok L IR A DR A A 2 LR SR
ERIMHE . TE R RIS, 1989) , W &
FIWEA S, A TN A T B BT 2 T &, B S AL TR 1
B #1 DR A T Al A2 5 n PR (b 28 ) 4 £ DR AT (58 RUAR
45,2006) o AR4ENEAE(2004) \Zhu et al. (2007 ) 535 BN 5 K
RIS K A IR R T ki £ DN A A= Ar 4T
B, ZRAFZ5 2R 790 £ 1 Ma AT 821 = IMa, 54
SHRIMP 4% 47 U-Pb 4E % S Zhu et al. (2006) FAEIY 45 5 (825
+ 12Ma) AT BT T80, WRIHZ A A b A TN A28 5
Ao B TRNAA RS Ky, B - A T & h A
N, WA K 45 fh R 8 & 7K (T 19 25 9K 4K & (Nicolas,
1989 ; B ¢ ,2001 ) o BE P - 3K b g /K 9 SR JECR J2 ok 3 Ml
e, T BESR | IR ey SO 1 s 80 1k (£ Ak AE,2005)
A AW N Munteanu et al. (2006 ) fifF 25 & 38, 55 Z kT
RIS AR W G, B T i KOF RS R R
B JE AR AR, AR AR AT BER AR ehHT

BERR [0 -8 S Ak o T ) 2 O3 o S IR A
ZAF 58 R B B 5 s (Beard, 1986; Loucks, 1990;
Kvassnes et al. , 2004) . Li et al. (2006 ) %} = ZAf 544 v %
KET AT TN, EBHNESH T H D
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HIB I AT A SR R IR B A Fo ARfLu I 75 ~ 82, £
EPTE TS ~ 78 Z Al BHE A S Ang, ~ An,y, EEE TR
Ang ~ Ang Z []; A RHE 4 Mg" Oy 78 ~ 87, — 4 EE A 7E
78 ~83 Z |,y —H EEA AR 85 ~87 Z ], Kvassnes et
al. (2004 ) $2 1 FHE K5 b b 5 AR A A (Mg
An) BI85 AR RN B KNS R EE o = A RN
K B S ACE AR 245 S EE , 2 T Tzu-Bonin Arc [X
W (K 7a) . 7E Beard( 1986 ) #5< J5i M i A MHE A1 5 3 A=
KA (Fo-An) 4 38 35 58 H1 51 (&1 £ v, MEA A Loy E AT
Arc-type Il #FA X 38 (E 7b)

5.2 HEKLEHHESENX

T KRNI IEFORN T , R R A s A B
FAEE LAY CaO (AL O, Sr &, 7E Ca0 Al 0, 5 MgO j¥4s
b S ] A ARG OC R (B 3) , RITBHC A 7E A HK Y 7
as oy B B A M ) ( Gaetani et al. , 1993) . i}
Cr.Ni 5 MgO B W 1 1) IEAH OGP, SR WA Bl A Fg A
(RAAT) T B4 o X8 TR )2 FUE A 2 4
ARG BIUE ER Cr NI S8 E b, b TR & &
FARAR , 225 R 2 X 4 ST 3 AR A ROV A rh B R AR
443 lic 2280 ( Eggins et al. , 1998 ; Rollison, 1993), frlL, M
B PR RR RS IR SN, P IR TR R BRI
I R D RRAE , S BB T HC R AR 6 0 Il A 5 4 3 PR 45
[T B, M it O 2 3o 5 B 2 I P ) Bl T B T AR/
(FIN) HERC A R TR & R B K, 3 B 5 MgO Y4
MR I, R BT HL 32 45 b 20 B AR RS2 AR, B 2 407K
TR YRR , T LUF AR WA J b 5 X A RRAE LA

HI T RIOEAT FIREAT (R AR AT ) BT BS 45 a0, TR AT A T
ML E S HEHCE TR 10T 3 & =22 AR R . HIOE WA -1

Bis i Lo RS, S5 L on R AR A oA AR AR
53 FH0A K (Rollison, 1993) , i H H Y 1E Eu 5% 7l B 5 &1
KA ¢ (Henderson, 1984 ) o 1S -5 A4 N K Eu
SRR AT EEA 7 Eu 55 B REE A A A A
AHC A SE[EVE I a9 45 5 ( Henderson, 1984 ; Rollison, 1993)
WA S RIS S5 0 B A8 L AHXS T 8RR Lo R = R AFIE,
55 #0185 Y NMORB (Sun and McDonough, 1989) \MORB
BRI  FORE A7 25 B 2 A 6] ( Downes, 2007) o —F 5L P AT
REJE A W E DCRAAE , 5 —Fh R R AT RE 5 3K BT iR rp 32 3
Hi e () IR 4. Munteanu et al. (2006) F1 Zhu et al.
(2006 ) 53-531] BNSEF 471 50 1 1 1R A 27 J5 T UE 52 1 KA 5 1A=
i R Z 2 e (BLE 2 ) IR G, HER LAt R
T 3 L fige e, RGOS 5 RN K 25 21 T 40 it 2 A A B AT
0, RGPy e BRI R, e s RS RMm AR
B 2E 4 JCE (Taylor, 1964; Rudnick and Fountain, 1995;
Wdiepohl, 1995; Gao et al. , 1998) , K I #b 52 TR 2 Al LA fi B¢
FEA AT RRE - O RE T RA TR EEM Nb Ta Ti 77
B, (AT R P AR Ze HE S5, R e h
Zr Hf J2 M & %1% ( Taylor, 1964; Rudnick and Fountain,
1995; Wdiepohl, 1995; Gao et al. , 1998) . <42 (2004)
FlLi et al. (2006) Ay, Ze (FHXT T Sm) 971 558 2 A1 A HE A
YERP=HE o Ze TEREA T B 20 T REARAR, AR ZURH % TT
% (Eggins et al. , 1998; Rollison, 1993) . 73k A% i, 1%
AT ES S & (HE) (E 45 AR T Ze AEXTBEAR, BAEXS F
Sm Nd H A 2 11 55 % ( Coogan et al. , 2003) , T 4% & 5 5%
AW Ze WEEARXS 2088 . WERIEIR A Ze A5 40, 5
KA DAL M I Ze 515725 AETA SR (TLTE I 55,
2003 ; 4 Y6 45, 2004 ; Munteanu et al. , 2006; Zhou et al. ,
2006; Zhu et al. , 2006 ) FIASCHFFE A B , 5 ZEAT A AR RIS
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BRI A S FARI A BB W1 Ze HE 71 5938 HE 4 1Y
BIGE AT IHELUB R . Tsai er al. (2000 ) BF 5% K 5l 325 LUy 2k v
50 4 0 5 PR B 2 T - B K L ME A 2 O Zr HE LR
o AR AT () Ze HE 578 AR T BERBL T A 5K
TR SR AE . AR B R TR AT E A Nb Ta Ti|
Zr Hf 753512 5 08 3 1l 25 45 AF (Perfit et al. |, 1980; Sun
and McDonough, 1989; Yoshiyuki and Steve, 1995), 7F
&xa(1)-Nb/La [EIfffrf (8] 8a) , = ZEA 2 AR AN T A i B Hl
STIRYLIARAE , (B R Z 5O T IR A R BLRRAE 5 &y, (1) -MgO
[Elfirh (1 8b) , AR R I M 52 TR Y47 1E ; [ BT AE 4y (£)-1/Nd
(&l fi# v (Faure, 1986) (18] 8¢) , &y (1) 5 1/Nd R EA IEAH
o P, S EF S REE 4 52 B 72 (195 ), 5 R 1k 24725
b3 B T A HR X ARAE

=
N
‘ﬁ/

5.3 i RIFITHREERE

AR, B AT 5 A g v ety AR 2 %) TR a4 5 7 5
FE CAFEAR, 1988 s PLIB N4, 2003 5 AR 4L 45,2004 ) o TR M
4£(2003) \Zhou et al. (2006 ) H3 45 5 1A 53 A7 4 5 9K L
AL Bk AL 2= RR AR, A R T B IR R, R 4 A
(2004) \Zhu et al. (2006) FZARYE = A A BRAFERR 5 Li et
al. (1999) $2 1Y ~ 825Ma A2 g 1 A BHACAH 3T, WA HOB
S HEFEA DG, Li et al. (2006) A ERTHE X BA TR 5
FHEERBT- 64k B 5 o4 Rodinia 18 KRG R A 5 24 ff i B v
PIRE IR S, AR 5 DR LU A DG 1 I A ) oK i 4
BIERFEE . WHEA AR X 820 ~ 800Ma ARG L%
WAH, S A E Bl =, T A R T S ROt R T R
BERR TR )2 S AN e A 5 9 SR BR b 2% 4 AE S [R] 52 i (1%
459 (Li et al. , 2006) ,

ARSCHESR KB, 8 FAT AR 85 RIBUT 5079 5 A
ARG YRR RS R 45 & T S KA 3R R T
TR BYE AR R IR TH I 5 K A I EZAFAE (Loucks, 1990
Gaetani et al. , 1993) o AT, S50 A VR 1 1 R 5 8 1) 15

DRI HEH A RRAE AL, HTE 1010 b 0 25 R X A2 3 1 oo
AR G , 5 BRI BT B IR B 04 £ DA WK
JEARL(Zhao and Zhou, 2007) . [F] I, & A 5 1A v % it
FATE M R ICER 5 B R A DR AR AR , 3% B H R 00 oty 1ty
8 95 (X 3 235 il ( MeCulloch and Gamble, 1991)

FEF MRS (2005) 345 E O RE X &A1Y SHRIMP #5177 U-
Pb 1%k 782 £ 53Ma, R B HIE iy AT i A0, S
AT 2T G 5 B (Bk JG2E 45,2008 ; Sun and Zhou, 2008 ; Sun
et al. , 2008) , ERITFMUTE WL A AT BE S 870 ~ 840Ma, Tilf f:
9E 920 ~900Ma Z A (Li et al. , 2006) . UL, EhiHb X I
FEAETE RN (= 900Ma) 1y 5 KA G 3 (Li e al. , 2006)
AR SCEFAMJE A A B, A5 AR TR 4 56 T 1L A A G AR A 3 A
KB PR AR TG 1)y BRLGE , 5 A [ 2 041 1 28 07 )
—8, DR GEHBBE-DIBEED T R &Y,
e AT ir ok R B 0 5 R b 2 HE LA R 0 (2R R AR AR,
2002) , Hr] BB i F 5 9 ER 4% (Sun and Zhou, 2008) , &%
FHE IR 822 + 8Ma, 5 Eh i F X R A 1 I ARIE 2
I, BRI B AT B R (R — 440 3 PRI b 0 5 R 430 il
Bo ERNFEZRATE T IS A PR 5T (FE R AR, 2005 ; Li
et al. , 2006; Sun et al. , 2007) , B F A AR RIS B H b7 ok
B B, 3200 oot S A4 B et ) b L 308 2 M Rl 4 5 45 AT
B o
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[ 5 78 T 3R R R DCRFAIE , AL 12 A S PRI B T & 3K
PRI XL, w8 5N A R 5 2 A B i AU
AT, FRWIER I3 XA T A8 B RS



REA R

Bugt  EPAMORCTAE  ERURITR MR A Sr-Nd R
£ 2537 A SHRIMP 4% 47 U-Ph AR % I 1205 72 v, 3501 15 3
TAMVEAE R R AR R TR RO DTS 51 LR
RIS B A 25 A 2 1 R o 2 e AR O X1 25
—WFFE 5L KR G AR | PR AR O P T
PR AN S . R SCE TR R, 507 A 5
Allen P Nutman #2188 S BRI REATIEIHE . FHLR
XFSCEAR I E BB UL o TR LR

ST AR B R I HIE 80 At AUS b A R KA

References

Beard JS. 1986.
gabbro: Implication for the tectonic setting of gabbraic plutons and

Characteristic mineralogy of arc-related cumulate

for andesite genesis. Geology, 14: 848 —851

Best MG and Christiansen EH. 2001. Igneous Petrology. Malden:
Blackwell Science,1 —458

Chai FM, Zhang ZC, Mao JW, Dong LH, Zhang ZH, Ye HS, Wu H and
Mo XH. 2006. Petrography and mineralogy of Baishiquan Cu-Ni-
bearing mafic-ultramafic intrusion in Xinjiang. Acta Petrologica et
Mineralogica, 25(1) :1 =11, 25(in Chinese with English abstract)

Church WR and Riccio L. 1977. Fractionation trends in the Bay of
Islands ophiolite of Newfoundland: Polycylic cumulate sequences in
ophiolites and their classification. Candian Journal of Earth Science.
14:1156 - 1165

Cong BL. 1988. Formation and Evolution of Panxi Paleo-rift. Beijing:
Science Press, 1 —96(in Chinese)

Coogan LA, Banks GJ, Gillis KM, MacLeod CJ and Pearce JA. 2003.
Hidden melting signatures recorded in the Troodos ophiolite plutonic
suite;: Evidence for widespread generation of depleted melts and
intracrustal melt aggregation. Contribution to Mineral and Petrology,
144 .484 - 505

Downes H. 2007. Origin and significance of spinel and garnet pyroxenites
in the shallow lithospheric mantle; Ultramafic massifs in orogenic
belts in western Europe and NW Africa. Lithos, 99 1 -24

Du LL, Geng YS, Yang CH, Wang XS, Ren LD, Zhou XW, Shi YR
and Yang ZS. 2005. Geochemistry and SHRIMP U-Pb zircon
chronology of basalt from the Yanbian Group in the western Yangtze
block. Acta Geologica Sinica, 79 (6) : 805 —813 (in Chinese with
English abstract)

Eggins SM, Rudnick RL and McDonough WF. 1998. The composition of
peridotites and their minerals: A laser-ablation ICP-MS study. Earth
and Planetary Science Letters, 154, 53 —71

Faure G. 1986. Principles of Isotope Geology. 2™ edition. New York:
John Wiley and Sons, 1 —592

Gaetani GA, Grove TL and Bryan WB. 1993. The influence of water on
the petrogenesis of subduction related igneous rocks. Nature, 365 :
332 -334

Gao S, Luo TC, Zhang BR, Zhang HF, Han YW, Zhao ZD and Hu YK.
1998. Chemical composition of the continental crust as revealed by
studies in East China. Geochimica et Cosmochimica Acta, 62; 1959
-1975

Geng YS, Yang CH, Wang XS, Du LL, Ren LD and Zhou XW. 2008.
Metamorphic Basement Evolution in Western Margin of Yangtze
Block. Beijing: Geological Publishing House, 1 —215(in Chinese)

Henderson P. 1984. General geochemical properties and abundances of

Henderson P (ed. ). Rare Earth
Element Geochemistry. New York: Elsevier, 1 =32

Kvassnes AS, Strand AH, Moen-Eikeland H and Pedersen RB. 2004.
The Lyngen gabbro: The lower crust of an Ordovician incipient arc.
Contribution to Mineral and Petrology, 148 358 -379

the rare earth elements. In:

WFHEGHE G RATERARE 5B F R F o FRFIER 1907

Li JL. 1984. Eugeosyncline rock association of Yanbian group in western
Sichuan, China. Bulletin of the Chinese Academy of Geological
Sciences, 8: 21 —34(in Chinese with English abstract)

Li XH, Li ZX, Zhou HW, Liu Y, Liang XR and Li WX. 2003.
SHRIMP U-Pb zircon age, geochemistry and Nd isotope of the
Guandaoshan pluton in SW Sichuan: Petrogenesis and tectonic
significance. Science in China (Series D), 46( Supp. ): 73 —83

Li XH, Li ZX, Sinclair JA, Li WX and Carter G. 2006. Revisiting the
“ Yanbian Terrane ”: Implications for Neoproterozoic tectonic
evolution of the western Yangtze Block, South China. Precambrian
Research, 151 14 =30

Li XH, Li ZX, Sinclair JA, Li WX and Carter G. 2007. Reply to the
comment by Zhou et al. on: “Revisiting the” Yanbian Terrane:
“Implications for Neoproterozoic tectonic evolution of the western
Yangtze Block, South China” [ Precambrian Res. 151 (2006) 14 -
30] [ Precambrian Res. 154 (2007 ) 153 - 157 ].
Research, 155.318 -323

Li ZX, Li XH, Kinny PD and Wang J. 1999. The breakup of Rodinia:
Did it start with a mantle plume beneath South China? Earth and
Planetary Science Letters, 173:171 - 181

Loucks RR. 1990.
ultramafic-mafic allochthons in orogenic belts by the Al/Ti ratio in
clinopyroxene. Geology, 18 346 —349

McCulloch MT and Gamble JA. 1991. Geochemical and geodynamical
constraints on subduction zone magmatism. Earth and Planetary
Science Letters, 102 358 —374

Munteanu M, Yao Y, Wilson AH, Chunnett G, Luo YN and Zhao QX.
2006. The Gaojiacun mafic-ultramafic complex ( Sichuan, SW
China) : Neoproterozoic magmatic acitivity at the western margin of
the Yangtze Craton. Acta Geologica Sinica, 80(5) :705 —723

Nicolas A. 1989. Structures of Ophiolites and Dynamics of Oceanic
Lithosphere. Dordrecht; Kluwer Academy Publishiers, 1 —367

Qiu JX. 2001. Magmatic Petrology. Beijing: Geological Publishing
House, 1 —340(in Chinese)

Perfit MR, Gust DA, Bence AE, Arculus RJ and Taylor SR. 1980.
Chemical characteristics of island arc basalts; Implications for mantle
sources. Chemical Geology, 30:227 —256

Rollison HR. 1993. Using Geochemical Data: Evaluation, Presentation,
Interpretation. London: Longman Group UK LTD, 1 -344

Rudnick RL and Fountain DM. 1995. Nature and composition of the
continental crust; A lower crustal perspective. Review Geophysics,
33:267 -309

Shen SY, Zhang BM and Yuan YM. 1986. The petrological study on
basic-ultrabasic complex in Yanbian, Sichuan Province. Earth
Science-Journal of Wuhan College of Geology, 11(6) : 561 =569 (in
Chinese with English abstract)

Shen WZ, Gao JF, Xu SJ, Tan GQ, Yang ZS and Yang QW. 2003.
Format on age and geochemical characteristics of the Lengshuiqing

Precambrian

Discrimination of ophiolitic from nonophiolitic

body, Yanbian, Sichuan Province. Acta Petrologica Sinica, 19(1) :
27 —=37(in Chinese with English abstract)

Song B, Zhang YH, Wan YS and Jian P. 2002. Mount making and
procedure of the SHRIMP dating. Geological Review, 48 (Suppl. ) :
26 —30 (in Chinese wit h English abstract)

Sun CM. 1994a. Proterozoic ophiolites in Western Sichuan and the
Proterozoic orotenic belt on the western border on Yangtze paleo-
plate. Journal of Chengdou Institute of Technology, 21(4):11 - 16
(in Chinese with English abstract)

Sun CM. 1994b. Genetic Mineralogy of pyroxenes from the Yanbian
Proterozoic ophiolites ( Sichuan, China ), and its geotectonic
implications. J. Mineral. Petrol. , 14(3): 1 —15(in Chinese with
English abstract)

Sun SS and McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and processes.
In: Saunders AD and Norry MJ (eds. ). Magmatism in the Ocean
Basins. The Geological Society of Special Publication, 313 —345

Sun WH, Zhou MF and Zhao JH. 2007. Geochemisty and tectonic
significance of basaltic lavas in the Neoproterozoic Yanbian Group,

Sichuan Southwest ~ China.  International

southern Province,



1908

Geological Review, 49:554 —571

Sun WH and Zhou MF. 2008. The ~ 860 Ma Cordilleran-type
Guandaoshan dioritic pluton in the Yangize block, SW China:
Implications for the origin of Neoproterozoic magmatism. The Journal
of Geology, 116:238 —-253

Sun WH, Zhou MF, Yan DP, Li JW and Ma YX. 2008. Province and
tectonic setting of the Neoproterozoic Yanbian Group, western
Yangtze block ( SW China). Precambrian Research, 167 213 —
236

Taylor SR. 1964. Abundance of chemical elements in the continental
crust; A new table. Geochimica et Cosmochimica Acta, 28; 1273 —
1285

Tsai CH, Lo CH, Liou JG and Jahn BM. 2000. Evidence against
subduction-related magmatism for the Jiaoziyan Gabbro, North Dabie
Shan, China. Geology, 28(10) : 943 - 946

Williams IS. 1998. U-Th-Pb geochronology by ion microprobe. In:
Mickibben MA, Shanks I WC and Ridley WI (eds. ) .
Applications of Microanalytical Techniques to Understanding
Mineralizing Processes. Reviews in Economic Geology, 7:1 -35

Wang XB, Yang JS, Chen SY and Shi RD. 2005. Origin and structural
nature of Raobozhai ultramafic rock: A discussion. Acta Petrologica
Sinica, 21(6) :1593 — 1608 (in Chinese with English abstract)

Wang XL, Zhou JC, Qiu JS, Zhang WL, Liu XM and Zhang GL. 2006.
LA-ICP-MS U-Pb zircon geochronology of the Neoproterozoic igneous
rocks from northern Guangxi, South China: Implications for tectonic
evolution. Precambrian Research, 145111 - 130

Wdiepohl KH. 1995. The composition of the continental crust.
Geochimica et Cosmochimica Acta, 59 1217 - 1232

Yoshiyuki T and Steve E. 1995. Subduction Zone Magmatism.
Cambridge : Blackwell Science, 1 -211

Zhang BM, Sheng SY and Shu JF. 1989. A mineralogical study of
hornblendes from the basic-ultrabasic complexes in Yanbian,
Sichuan Province. Acta Mineralogica Sinica, 9(4); 364 =371 (in
Chinese with English abstract)

Zhao JH and Zhou MF. 2007. Geochemistry of neoproterozoic mafic
intrusions in the Panzhihua district ( Sichuan Province, SW China) ;
Implications for subduction-related metasomatism in the upper
mantle. Precambrian Research, 152, 27 —47

Zhou MF, Yan DP, Kennedy KA, Li YQ and Ding J. 2002. SHRIMP U-
Pb  zircon geochronological and geochemical evidence for
Neoproterozoic arc-magmatism along the western margin of the
Yangtze Block, South China. Earth and Planetary Science Letters,
196:51 - 67

Zhou MF, Ma YX, Yan DP, Xia XP, Zhao JH and Sun M. 2006. The
Yanbian Terrane ( southern Sichuan Province, SW China): A
Neoprterozoic arc assemblage in the western margin of the Yangtze
Block. Precambrian Research, 144, 19 —38

Zhu ZX. 1983. The features and tectonic environments of the volcanic
rock series of Precambrian Yanbian Group in Sichuan. J. Mineral.
Petrol. , 3(3) :42 =51 (in Chinese with English abstract)

Zhu WG, Deng HL, Liu BG, Li CY, Qin Y, Luo YN, Li ZD and Pi
DH. 2004. The age of the Gaojiacun mafic-ultramafic intrusive
complex in the Yanbian area, Sichuan Province: Geochronological
constraints by U-Pb dating of single zircon grains and “*Ar/* Ar
dating of hornblende. Chinese Science Bulletin, 49 (10): 1077 -
1085

Zhu WG, Zhong H, Deng HL, Wilson AH, Liu BG, Li CY and Qin Y.
2006. SHRIMP zircon U-Pb age, geochemistry, and Nd-Sr isotopes
of the Gaojiacun mafic-ultramafic intrusive complex, Southwest

ELFI| 2009, 25(8)

Acta Petrologica Sinica

China. International Geology Review, 48 :650 — 668

Zhu WG, Zhong H, Li XH, Liu BG, Deng HL and Qin Y. 2007.
YOAr* Ar age, geochemistry and Sr-Nd-Pb isotopes of the
Neoproterozoic Lengshuiging Cu-Ni sulfide-bearing mafic-ultramafic
complex, SW China. Precambrian Research, 155, 98 —124

Bt FR 325 % 3Lk

MK . 1988, BEPG A MBS E A . dba: Blee g, 1 -
96

SERME, SKHSE, B, WA, RAEMT, rhad, R, TOEE.
2006. H R LA R BERR- BB TUA A A 2 50 W2 0H 5T
HAFYERE, 25(1) .1 =11, 25

FAIBK, Bood, sk, Tk, TR, AE, a5%, b
AL 2005, 47 FHh 5 E SR 30 R B A A H R Ak 24 RRAE K
SHRIMP #54 U-Pb 4E % . HuB2E4HR, 79(6) :805 - 813

WkooH:, MaiE, i, MRAK, ERZR, B SC. 2008, 574
GRGAFFRACHEAL . dbat: MRRBARAL . 1-215

ZEURTE . 1984, I FEERAREMI IS A G 1A . P E R R B e
W, #8521 -34

2Rk ZEIERE, RIS, XU, A 6, 22K . 2002. )1 P4 g 5 7T 1
Fr/RE) SHRIMP £ 47 U-Pb 4F % 50 2 1 Nd [6] 137 2 4 Bk 1k
2e——H A R S . P E RS (D 3R 32 (B ) (60 -
68

ORAE. 2001. H3a . dbat. Mg, 1 - 340

b, TRARES, PSRN . 1986, DI S k- AL Z R B
AERESE . HEREL:, 11(6) @ 561 —569

WM, meleg, -tk BES, w5t H-L3c. 2003, 1)1k
N IKE A I U R ER LA AR E . A 2], 19(1) .
27 -37

K%, kEwE, Tl @F . 2002, #5 £ SHRIMP £ 50 1 4R
BN 5 B AT BRGHE . RIS TT, 48 (38T]) : 26 -30

IMERS. 1994a. JITETT i RIEEE 51 T MG ool Rk LA
AR T 2E B2, 21(4) 11 -16

IMER . 1994b. DU R oG iy ARl s v fE A B DR 0 A A e
HARMMER . 0HA,14(3): 1-15

FEA, ML, A, AT, 2005, iR G FE AR AR Y
R AL 3 28 A U i 1) . A A . 21(6) 11593 - 1608

TROREL, YR, SRAGE . 1989, U] Eh 3 Jk - M A A A £
NG P2AE . 0 2E . 9(4) : 364 -371

SRYE, MMERR, XITRIEAE . 2004, P I R 5 S0 k-1 B 2k
Ze AR AR . SOk 5 77 U-Ph FAR I %0 Ar-¥ Ar 4E AR 2
M2y . B2, 49(10) : 985 -992

REEHE . 1983, DU A FERLEER A HE K LU FR (R IE B 1 PR 05
WWEA, 3(3) 42 -51



