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Abstract The terrestrial Nileke Permian volcanic rocks outcrop at the most western section of the Awulale Late Paleozoic volcanic
belt. In this contribution, we reported petrography, elemental and Sr-Nd isotope compositions of the Nileke Permian basaltic rocks in
aiming to have a better understanding its geodynamic implications. The Nileke volcanic strata could be divided into two series, i e. ,
the Wulang series (lower) and the Hamisite seires (upper) and the diverse rock types include basalts, andesites, trachytes and
thyolites. In geochemistry, the upper Hamisite seires exhibit shoshonitic signatures such as having high K,0(2.81% ~3.91% ), Sr
( >1000 x107%) , total REE ( >200 x 10 °®) contents, high (La/Yb), (9.7 ~11.7) but low Nb/La ratios (most <0.2) and
shows. The lower Wulang series could be divided into two sub-groups: sub-group one contains the lowest SiO,, low Sr ( <500 x
107%), total REE(50 x 10 ° < SREE <80 x 10 ®)and low (La/Yb) (1.6 ~2.2) but the highest MgO and relatively higher Nb/La
ratios ( >0.35). These features are comparable with those of E-MORB, suggesting that they could be derived from high-degree partial
melting in a decompressing process. Sub-group two has a wide range of geochemical compositions straddling between the Hamisite
seires and the sub-group one. The Nileke Permian volcanic rocks have intensive depleted Sr-Nd isotopic compositions similar with those
of MORB, indicating that they were derived from the time-integrated depleted mantle sources. However, their significant depletion in
Nb-Ta, intensive differentiation and enrichment in LILE argue that the Permian basaltic rocks in Nileke area were derived from a
recently metasomatized depleted lithospheric mantle sources. Additionally, our study reveals that their chemical signatures were
constrained by partial melting degree and crystal fractionation process. In combination with regional geology and previous studies, the
Nileke Permian volcanic rocks could be genetically related to the Permian Tarim mantle plume.
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Fig.2 Microphotographs showing petrologic characteristics of the Nileke Permian volcanic rocks

(a, b, e)-tabular plagioclase phenocrysts of basalt; () -zircon of basalt; (d)-blowhole filled with calcites of basalt; (f)-clinopyroxenes together with

plagiocalses of basalt; (g-i)-euhedral/semi-euhedral clinopyroxene phenocrysts of basalt
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Table I Major element (wt% ) and trace element ( x 10 ~®) compositions of the Permian Nileke volcanic rocks

S WT03-1 WT03-2 WT03-3 WT034 WTO03-5 WT03-6 WT03-7 WT04-2 WT04-5 WT04-7
itk MR RR A X
Si0, 47.72 51.58 51.71 49. 87 51.36 51.56 51.79 62.91 51.11 51.18
TiO, 1.48 1.50 1.56 1.51 1.55 1.55 1.55 0.77 1.57 1.53
Al, 0, 15. 56 15.20 15. 85 15.63 15.76 15. 95 15.72 16. 87 15. 81 15. 66
Fe, 0, 9.71 10. 49 10. 41 10. 21 10. 62 10.75 10. 58 5.45 10. 70 10.35
MnO 0.21 0.12 0.23 0.22 0.19 0.18 0.15 0.02 0.14 0.14
Ca0 9.30 6.89 7.77 8.23 7.61 8.05 7.18 5.25 6.99 7.95
MgO 3.97 4.23 4.05 3.99 4.17 3.88 4.11 1.94 3.91 3.92
K,0 3.21 3.91 3.10 3.11 2.94 2.81 3.39 1.41 3.73 3.48
Na, O 2.97 3.20 3.36 3.49 3. 60 3.45 3.45 4.24 3.35 3.22
P, 0 0.53 0. 60 0. 66 0.63 0. 65 0. 64 0. 64 0.33 0. 65 0. 65
LOI 5.47 2.18 1.15 3.02 1.38 1.02 1.30 0. 69 1.88 1.78
Total 100. 12 99. 90 99. 84 99.92 99. 83 99. 84 99. 85 99. 87 99. 85 99. 84
Mg* 57 57 56 56 56 54 56 54 55 55
La 30. 92 33.71 40. 09 39. 88 41.09 40. 44 40. 66 12.97 41. 80 40. 90
Ce 73.21 80. 18 97. 81 97.21 99. 83 99. 24 98. 68 31.20 101.2 99. 66
Pr 9.93 11.03 13.61 13.53 13.90 13.71 13.75 4.40 14.50 14.24
Nd 41.94 46. 49 58.26 57.42 59. 07 58.48 58.30 20. 06 61.81 61.09
Sm 7.85 8.62 10. 57 10. 36 10. 66 10. 58 10. 49 4.95 10. 92 10. 70
Eu 2.35 2.48 3.00 2.87 2.93 2.95 2.95 1.55 3.01 2.95
Gd 6.56 7.09 8.33 8.07 8.45 8.35 8. 44 5.08 8. 60 8. 44
Th 0.91 0.93 1.13 1.10 1.13 1. 11 1.13 0. 89 1.13 1.11
Dy 4.75 4.62 5.78 5.44 5. 60 5.49 5. 60 5.75 5.69 5.47
Ho 0.91 0.85 1.09 1.02 1.04 1.03 1.06 1.25 1.08 1.04
Er 2.50 2.29 3.00 2.81 2.82 2.81 2.90 3.56 2.91 2.80
Tm 0.37 0.34 0.45 0.42 0.43 0.42 0.44 0.53 0.42 0. 40
Yh 2.28 2.06 2.79 2.56 2.59 2.56 2.64 3.39 2.69 2.59
Lu 0.34 0.31 0.42 0.38 0. 40 0. 40 0.39 0.54 0.40 0.39
Rb 116.5 170. 6 81. 14 58.96 63. 49 61.55 89.53 50.35 85.79 79.55
Ga 20.43 20. 89 20.72 19. 52 20.70 20. 12 19.90 17. 84 20.27 21.26
\% 227.5 230. 1 227.0 222.7 222.6 219.1 219.9 28.52 225.9 223.5
Cr 116.2 127.0 78. 84 77.63 75. 56 62.97 67.76 28. 86 69. 99 71.20
Ni 66. 32 58.77 38.96 33.88 35.99 35. 80 37.09 2.62 37.25 36. 84
Sc 23. 14 22.56 23.06 21.99 22.52 21. 69 22.17 17.54 22.15 21.94
Sr 1157 1627 1915 1992 1979 1904 1892 472 2330 1974
Ba 1153 937 1037 1077 977 1010 1115 286 1166 1099
Th 3.29 3. 41 4.18 3.96 4.14 3.95 3.99 2.13 4.17 4.19
U 0.76 0.79 0.94 1.01 0.93 0. 89 0.93 0.84 0.97 1.08
Ta 0.33 0.31 0.31 0.30 0.30 0.29 0.30 0.27 0.30 0.31
Nb 5.86 5. 60 5.32 5.21 5.35 5.18 5.27 3.71 5.40 5.46
Zr 149. 4 151.4 183.2 180. 2 186. 5 177. 4 178.7 99.79 184.2 184. 1
Hf 3.77 3.87 4. 66 4.60 4.71 4.49 4.59 2.94 4.68 4.70
Y 23.73 23.61 29.52 27.46 27.96 27.41 28.07 31.71 27. 64 26.58
s WT04-21 WT09-1 WT09-2 WT09-3 WT09-5 WT09-6 WT09-7 WT010-1 ~ WT010-2  WT010-3
itk LR XA
Si0, 51.04 50. 89 50.91 49.73 52.48 50. 95 53.16 48.09 47.79 48. 84
TiO, 1.53 1.31 1.29 1.40 1.35 1.25 1.25 1.24 1.27 1.62
Al, 0, 15.83 16.22 15.95 16.92 15. 65 16. 53 15. 64 17.59 17.99 14. 60
Fe, 0, 10. 50 10. 38 10. 30 12.22 9.97 9.99 10. 87 10. 21 10. 34 10. 29
MnO 0.23 0.42 0.39 0. 66 0.16 0.16 0.18 0.32 0.50 0.51
Ca0 7.40 5.03 5.43 2.83 5.92 9.05 4.62 8. 40 6.03 6. 60
MgO 4.30 5.70 5.62 5.01 4.88 5.65 4.49 6.63 6. 89 4.68

K,0 3.59 1.92 1.70 1.47 0.90 1.26 0. 89 1.59 2.43 1.49
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Continued Table 1
S WT04-21 WT09-1 WT09-2 WT09-3 WT09-5 WT09-6 WT09-7 WT010-1  WT0102  WT010-3
itk LA Z RS
Na, O 3.14 4.42 4.66 5.43 5.44 2. 60 5.90 2.67 3.00 3.39
P,0; 0. 65 0.56 0.56 0. 60 0. 60 0.22 0.54 0.21 0.22 0. 64
LOI 1.63 3.09 3.11 3.66 2.57 2.21 2.34 2.96 3.48 7.72
Total 99. 85 99.92 99.92 99. 94 99. 90 99. 88 99. 88 99.91 99.93 100. 38
Mg* 57 64 64 57 62 65 58 68 69 60
La 41.59 29. 80 27.71 27.88 30. 58 14.51 31.90 6.94 5.51 32.45
Ce 101.5 65. 12 63.25 65. 56 69. 31 33.35 68. 31 17.75 14. 24 71.23
Pr 14. 48 8.51 8.31 8. 65 9.04 4.76 8.77 2.70 2.26 9.45
Nd 61.81 34.04 34.00 35.01 37.26 21.04 34.38 12.94 11.38 38.52
Sm 10. 86 6.55 6.52 6.92 7.47 4.98 6. 41 3.52 3.36 7.26
Eu 3.02 1.73 1.78 1.72 2.11 1.70 1.78 1.24 1.25 1.99
Gd 8. 42 5.94 5.89 6.18 6.74 5.05 5.84 3.66 3. 60 6. 60
Th 1.13 0. 88 0.88 0.92 0.97 0.88 0.88 0. 68 0.68 0.99
Dy 5.65 5.02 4.92 5.25 5.51 5.53 4,94 4.31 4.38 5.54
Ho 1.05 0.99 0.99 1.05 1.10 1.19 0.99 0.91 0.92 1.13
Er 2.86 2.78 2.70 2.86 3.00 3.27 2.74 2.44 2.55 3.06
Tm 0.42 0. 40 0.40 0.42 0. 44 0.50 0.39 0.38 0.39 0.43
Yb 2.69 2.52 2.47 2.62 2.78 3.17 2.52 2.31 2.42 2.82
Lu 0.39 0. 40 0.38 0. 40 0.43 0.49 0.37 0.36 0.37 0.42
Rb 75. 06 70. 66 62.85 53.85 30.22 40. 00 28.35 86. 44 197.1 72.51
Ga 20. 86 18. 08 19.20 28.40 18. 65 17.53 18. 40 17.32 17. 11 17. 67
v 213.4 221.9 217.5 225.9 228. 1 201.3 209.3 253.9 249.2 219.6
Cr 68.33 96. 69 91. 10 104.3 68.20 110.5 54.85 164.1 169. 6 70. 99
Ni 34.40 42.38 38. 80 43.13 26.22 86. 40 31.79 71.56 70. 06 18. 66
Sc 21. 64 27.73 27.23 28.32 27.93 29.30 25.53 34.32 34.30 26. 14
Sr 2131 451.7 351.8 252.1 311.3 292.6 232.7 394. 4 462. 1 96. 50
Ba 1173 492.6 496. 8 507.9 297.9 271. 4 183.1 388.8 599.5 184.7
Th 4.22 2.63 2.57 2.77 3.25 2.75 2.93 0.70 0.70 3.70
U 0.93 0. 81 0.78 0.92 1.03 0.85 1.00 0.24 0.27 0.99
Ta 0.31 0.56 0.54 0.59 0. 60 0.34 0.55 0.19 0.19 0.58
Nb 5.34 9.40 9.24 10. 00 10. 13 4.58 9.15 2.44 2.51 9.44
Zr 181.8 211.6 209.2 225.7 231.9 198.2 204.7 96. 71 98. 82 220. 4
Hf 4.65 4.78 4.63 5.05 5.17 4.54 4.52 2.47 2.51 5.15
Y 27.19 25.32 25.01 26.43 28.32 28.90 25.27 23.42 23.87 28.18
FEGE WT010-6 WT010-7 WTO11-1 WTO011-2 WTO011-3 7K03 WT012-1  WT012-2-1  WT012:2-2
Ak LR KR
Sio, 67. 42 67.92 54.93 57.67 50. 74 54.91 47.45 54.14 56. 47
Ti0, 0.44 0.43 1.06 1.16 1.18 1.06 1.98 1.20 2.04
Al 0, 15.77 15.55 14. 43 14. 58 15.83 15.28 18.15 16. 63 14. 66
Fe, 0, 3.75 3.86 10. 74 9.87 10.99 9.79 12. 17 9.81 8. 89
MnO 0.11 0. 09 0.54 0.30 0.63 0.48 1.32 0.70 0.35
Ca0 2.84 1.58 3.63 5.34 4.79 5.32 2.75 3.08 5.89
MgO 1.02 1.06 4.74 2.81 5.34 3.44 5.97 2.45 3.04
K,0 3.37 3.45 3.75 3.63 3.57 3.93 0.32 4.93 3.27
Na, O 3.91 4.67 2.93 2.69 3.25 2.51 5.20 3.57 2.54
P,0; 0.18 0.18 0.37 0.48 0.42 0.37 0.31 0.50 0.92
LOI 1.08 1.09 2.79 1.33 3.15 2.85 4.32 2.90 1.82
Total 99. 88 99. 88 99.91 99. 86 99.91 99.95 99. 94 99. 90 99. 89
Mg* 47 47 59 48 62 54 62 45 53
La 24.72 17. 64 12.17 20.79 15.57 16.21 6.96 18.72 21. 60
Ce 49. 61 37.15 30. 21 49.02 37.79 36.77 20. 67 44.21 52. 62
Pr 5.98 4.78 4.31 6. 65 5.27 5.01 3.48 5.91 7.67
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S WT010-6 WT010-7 WTO011-1 WT011-2 WT011-3 7K03 WT012-1 WT012-2-1  WT012-2-2
M HERA XA
Nd 22. 66 19.03 19.26 28.94 23. 60 21.73 17.22 25.41 35.25
Sm 4.08 3.85 4.82 6.78 5.77 5.10 5.05 6. 11 8.27
Eu 1.17 1.01 1.02 1.55 1.25 1.24 1.33 1.24 4.91
Gd 3.81 3.56 4.83 6.58 5.67 5.01 5.19 6.12 8.31
Th 0.57 0. 56 0.85 1.13 0.98 0. 86 1. 00 1. 10 1.36
Dy 3.30 3.41 5.43 7.07 6.23 5.25 6. 39 6.99 8.17
Ho 0.71 0.74 1.17 1.48 1.32 1.12 1.35 1.52 1.72
Er 2.08 2. 14 3.35 4.15 3.70 3.09 3.62 4.22 4.65
Tm 0.33 0.34 0.51 0. 65 0.59 0.48 0.52 0.67 0. 67
Yb 2.25 2.33 3.28 4.07 3.68 3.01 3.22 4.13 4.21
Lu 0.38 0.37 0.50 0.61 0. 56 0.47 0.49 0.62 0. 64
Rb 103. 4 108. 4 188.2 188.7 191. 4 186.0 13.70 232.8 85. 68
Ga 15.24 14. 54 14.51 16. 68 16. 34 16. 18 25.28 19.53 17.45
v 42.48 45.59 244.0 203.9 268. 1 267.2 234.5 214. 8 99.53
Cr 28.37 36.90 74.77 48. 06 81. 26 86. 08 315.70 51.42 24.52
Ni 2.25 2.59 22.00 13. 64 25.22 21. 60 211.7 12. 65 5.09
Sc 10. 34 9.97 30.77 29.55 32.97 32.54 36.02 30.07 27.71
Sr 302.6 147.5 234.9 289.4 310.4 285.1 337.7 294.7 365. 8
Ba 513.9 498. 6 500. 8 428. 8 499. 8 506. 8 143. 6 1177 1831
Th 6.35 4.74 8.47 11. 00 9. 66 8.45 0.47 11.51 5.91
U 1. 18 1.21 2.47 3.30 3.08 2. 66 0.34 3.36 1. 80
Ta 0.45 0.42 0. 44 0.57 0.49 0.45 0.33 0. 60 0.52
Nb 5.35 5.22 6. 16 8. 06 6.94 6.26 4.32 8.28 6.55
Zr 128. 1 127.9 176.0 229.9 200. 3 177. 4 149. 1 242. 4 207.5
Hf 3.47 3.48 4.84 6.28 5.41 4.82 3.49 6.47 5.21
Y 19. 14 20. 05 31.82 39.12 35.30 29.94 36. 48 42.73 41.72
R2 FHEEXLUEBHTENLEH Sm-Nd B RS HEER
Table 2 Sm-Nd isotopic compositions of the Permian Nileke volcanic rocks
5 87 e 875 S 147g BNd 143
HE RS xf{(i)“’) (x 15(;-6> Wf: st (“;l ( x?gl-% ( xll\l(?“)) WE N (ﬁ)i ana(0)
(20) (20)
ORISR wio32  170.6 1627 0.3033 0.70560(5)  0.70439 8.62 46.49  0.112097 0.512692(9) 0.512487  4.08
wt09-6 40 292.6 0.3954 0.70543(3) 0. 70385 4.98 21. 04 0.142965 0.512846(3) 0.512584 5.98
wtl0-1 86. 44 394.4 0.6341 0.70680(4) 0. 70427 3.52 12.94 0.164465 0.512893(4) 0.512592 6.13
wtl0-2 197.1 462. 1 1.2343  0.70944(2) 0. 70452 3.36 11.38 0.17851  0.512888(4) 0.512561 5.53
A wtl0-3 72.51 96.5 2.1751 0.71307(5) 0. 70440 7.26 38.52 0.113945 0.512681(9) 0.512472 3.80
wtl0-6 103.4 302. 6 0.9887 0.70794(8) 0. 70400 4.08 22. 66 0.108855 0.512725(8) 0.512525 4.84
wtl1-2 188.7 289.4 1.8873 0.71184(6) 0.70432 6.78 28.94 0.141641 0.512805(4) 0.512545 5.23
wtl1-3 191. 4 310.4 1.7834 0.70429(5) 0.69718 5.77 23. 60 0.147816  0.512813(6) 0.512542 5.17
wtl2-1 13.7 337.7 0.1173  0.70524(8) 0. 70477 5.05 17.22 0.177308  0.512951(5) 0.512626 6. 80

Note; Isotopic results normalized to % Sr/%Sr=0. 1194 and '**Nd/'* Nd =0. 7219. NBS 987 average Sr standard =0. 71025 + 1 and Jndi-1 Nd standard

=0.51212 1. 1 in this study. Initial isotope ratios and epsilon values calculated at 280Ma, using present day bulk Earth-CHUR values of *” Rb/% Sr =
0.07809, ¥ Sr/*Sr=0.7045, '¥7Sm/'**Nd =0. 19667, and '*Nd/"**Nd =0. 512638
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BT 1% ~5% , BRI Li et al. (2009) . R ICER S

FENSR F Perkin-Elmer Sciex Elan 6000 7 B JB #4256 85 T-{&
JRIEAL (ICP-MS) , BREL 2 40mg Ff 5 K3 A T bomb H1, Al A
HNO, F1 HF 4%, WHAREVECR HJC R Rh SR I IT4L
R, (i USGS FnifE W2 il G2 J [ 4R GSR-I,
GSR-2 1 GSR-3 AL 1E BTl A S I JCER B i A HTHS EE R
2% ~5% ,HARB R W EISF (1996) o R 2 HAE A E
FEE BT =T 76 8, >R 2 B i B 5 55 8 T 1A



eFAALEE . #5200 KL R 5 = 4 KoL 2 69 HERAL A AR B A% B 3L 3395

JE i (MC-ICPMS) 4347, Sr [R5 2 LA [ A ofi: NBSO87 71512
I EARE Sr-GIG HEAT W4, Y Se/% S A% Sr/*¥ Sr = 0. 1194
FRUEAL , TG 53T 5 5 DL 5 W £ 4 (2002) . Nd [F] 47 3R LU
PR INdi-1 F152 55 28 AR o Nd-GIG #EAT Wi, " Nd/'™ Nd
(B Nd/™ Nd = 0. 7219 $Rifi b, 1 02 40 56 % (2003) .
Sr Nd R 2 A 47T 0. 002%

4 HhERTEAAFFAIE

4.1 EEBRE

PP AMR NG KETFRRE AL 11 1, SRR JliE 18
F, A F i S TR T 45 R L2 1, Sm-Nd [m] 3 2 43
Braf Rk 2,

MR RRLE K L 1 E R TT R A BN GTE [, A4
B%-Si0, (TAS) [ I (8] 3a) , 5 il 2 B0 76 i R i &k
A A BORLTRT 22 1L RS L, WTO4-2 K il 7 NI B8 1 2
FEO 5 RRZH S s W s 3 A 1 5 M o = ]
Feah 280 h e O Zala B CHLE) 21l s e,
MRS VE ARBCETL R, R AR R b K (Na 880845 )8
JCRBER , I TAS PR 0 A SR AT R 2o 7 A i 22
M, FA S B A S R NI IR WG R (Ti Zr Y (Nb)
At — BRI o 1 Ze/Ti0,-Nb/Y FI5I & 1 (18 3b) ,#
O YNSRI A TR

MK R A SOl Si0, B FEE TP 47.72% ~
51.71% ,BA 1K Ti0, (1. 48% ~1.57%) , & K,0(2.81% ~
3.91% ) K,0/Na,O {5 (0. 81 ~1.22) 1 AL, 0, (15.20% ~
15.95% ) MFRFAE (1B 3a &1 4 K3k 1), 7£ K,0-8i0, & | (&
3¢) , ZHAY SIE A MBI ZE RV BN, BR— AR P
B WT04-2 95 A5 M 28 4 36 1] 5 46 35 2 o0 30 ve g op
(P 4)  BREDEE S WT04-2 , e A SR 4 L Sk i T B &
Si0, & & T CaO AW RFERLIAN, e T R B b
WA KRR, O AN 28 D5 T 559 0 S0 b A slRHE A 19 43
BEEN . SRR KA XS T ok Hr R Ol E R/ &
BRMBALIEH (18] 3a 18 4) ,7E K,0-Si0, K FRIE N
Ze (18 3¢) , FEVE K I E A T B ES B L 5 85 B e 2R 41 =2 1]
TRV AR S R, BRPE S WAL T = BRAS BlE R 81
BRRZE KA BEAE Si0, & & Tk m, 2 80FF i i MgO |\ TiO, |
Ca0 ,A1,0; . FeO MnO P, 0, 5 &1 R U] R I T R, £
LRI B A TR ER T S I A B A . Toie
SR AR SO IR S R L, R i JC 5 R 1
W ICZ FAELE > 10% 1Yy Si0, iyl (& 3a) , H B A7
AL, 0, K,0.Na,0 FI Sr 45 Si0, BYHILK R FRIAELL
HI AR (1B 4) | SO B B 20 K LA o A AR JLALAS [F]
ME LR

42 B WMERTE
WA RIGTRR LR B K L HAT AR UL T R ALK,

0.001
0.01

B3 & e v K lE S A a2
Fig. 3

Permian volcanic rocks

Classification of types and series of the Nileke

REBRINER LR &, R AR L AR5,
F o0 R W] B TS R (18] Sa, b) o BKHER
L L AR AR 184.8 x 107° ~256.2 x 107°, (La/Yh)
=9.7 ~ 117, BRI RE il WT04-2 45 25 JX 4 e IR A L Gl i
(96.1x107°) 5(La/Yb) \ HfH(2.7) (& 5a) , WA W& Eu
S (Ew/Eu” =0.91 ~0.97) ; k4 SREE =53.1 x10~° ~
181.9 x 107, (La/Yb) y =1.6 ~9. 1, )\ Eu 1EF-% 3 Eu i &



K4 —Fre#wkilisanamgi

Fig.4 Harker diagram o f the Nileke Permian volcanic rocks

#(Ew/Eu” =0.61 ~1.79) , RINAAIERH A 1045 o =
HE G AEFH (& 5a Fi1 5b) , HofR =B WT010-1, WT010-2
FI WTO12-1 #; + Stk Bl BAR T H Ao, 7EM RHC o 1 o
(B 5b) B I PF B AL 2 #h 28 (SREE =53.3 x107° ~
76.5%x 10™°; (La/Yb)y = 1.6 ~2.2; EwEu" =0.79 ~
1.09) , bl s 4R X kA (E-MORB)

FEASR TC R 0 8 s i AL B (B S, d) |, i K e
AKIHKE T HFAITLE Rb Ba Th K Hil Sr & 4E (1157 x
107° ~2330 x 107, WT04-2 =472 x10™°) , B 35 % Nb,
Ta Zr HE Ti FIEF 58, #ZLH Nb-Ta FHXF F La 7 i}
(Nb/La=0.13 ~0. 19, WT04-2 =0. 28 ) [ 7% -3 b 38 57 5 57
Hb VR Y S ART AR S A FE 5 Ly RIS 2 K LU Y ke D) BT 281
Tk s, ZBER N B R T A LR M T
B RGE A St LR S i (96 x 107° ~462 x107°) &
Nb-Ta 977 #iF2 & (Nb/La =0. 22 ~ 0. 62) B AL F 05 K Wiy
P QIIEa
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4.3 Sr-Nd BT EER

VIR I B2 Je 8 5 L Se-Nd [RI 28 4L 6.
M Pl LU — SRR RE KL R A S B s
A AU Sr-Nd [RI07 R AR, ¥ 54 =i i Nd ) e (i FAIG
B Sr IATE (eyg (1) =3.8 ~6.8; (7 St/ Sr), =0.69718 ~
0.70477) KCHE B B9 5 Z ik (OIB) b3, B2 i v o
HZIA(MORB) , H G K L b X A 1 Se-Nd- R
AL I 4%, W E AT A R F BRI 5 15 17 Hh g
THIX

5 Wig

5.1 &2BME
TR S R e A 2B | R AR JT R A R AR X
HTEAE TR, 25 A B 208 1, DU B 1 21 4 2




rhB A AT R R T A KL B G MR AL 3 4R AR B M) 3% S

K5 R ey Jla i i oo S o3
Fig. 5

tel

6 —FaJe i kil Se-Nd [R5 41 (MORB |
OIB .EMI #1 EMII Ht% v 51 3% Zindler and Hart, 1986)
Fig. 6 Sr-Nd isotopic composition diagram of the Nileke

Permian volcanic rocks ( after Zindler and Hart, 1986)

5T (& 3a,b) ,Eu JAIE S B4 5% (&l 5a) ,La/Sm H{E
#F La &t mm e (B 7) 5252 B30 o fa s i 5 4%

REE distribution patterns and trace element spider diagrams of the Nileke Permian volcanic rocks

B 7 JE¥ivi =& kil La %) La/Sm [&]
WAk B 2 = A 2% E-MORB £ 5 : WT010-1, WT010-2 I
WT012-1

Fig.7 La vs. La/Sm of the Nileke Permian volcanic rocks

A A TR o SR T X e AR A I AN B AT Y Rl 2 %
U, BT E MLRI2E OIB )75 1 Sr-Nd [F) {3 3R 41 A, 45
AREATTR A ARTE] b P X, A RS o TR B
LA rE AT R EA = HEah (WT010-1, WT010-2 Fi
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B8 R &gl kil MgO Al YSm/™ Nd X}
ena (1) Bl

REgk B 2 = A4S 2% E-MORB #% f: WT010-1, WT010-2 F1
WT012-1
Fig. 8

MgO and "Sm/™ Nd vs. ey, (t) diagram of the

Nileke Permian volcanic rocks

WT012-1) A fir AR, 3 =AM A B fik Si0, &6 (47.5% ~
48.1% ) 5 MgO & 4% (5.97% ~6.89% ) Ak Sr( <500 x
107%) F1(50 x10° < SREE <80 x 10 ™°) f1(La/Yb) | Lt
fH(1.6 ~2.2) FHXHE A Nb/La HAE( >0.35) , B LE 4R
BRI H A (E-MORB) F#1E . X —AN4F b IGHE =5 86, 55 Cr
Ni &rih (4r 802 164.1 x107°° ~315.7 x 10 f170. 1 x 10~°
~211.7 x107°) 1" Sm/"™ Nd FbAf, L R %A W B Eu S 3
(EwEu™ =0.79 ~1.09) , i 753X = A §h foe 230 R 4k o 2
(B 8) B A mE M Es f o A RE . 5Tk
HEEHE I, bk LA IR R 2 Mt T 3R 4 28 7R
AT, A B AR BE A B2, BB ARk B A — it s
K OBAMILP A R SRR . MOKITRR O s B OB Y
B AR B K0 (2.81% ~3.91% ), & Sr( > 1000 x
107°) #+ (SREE >200 x 10 ™°) F1(La/Yb) y FAE (9.7 ~
11.7),

B 9 JEARYE Arth (1976 ) #it=UA R A TR A
MERIN A A AR BUR R AR IS JC R Zr/Sm, HE/Sm Fil Nb/
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Y LOfH, ok A 4w 105 A RO A 4 ( Nu9607 ) IR 3% K
MR X, B 1%, 5% F110% RFEGFLEE, Zt/Sm,
HE/Sm H1 Nb/Y LB 2 853 il P 32 1 A A1 i 3, [ g
EI 7R T 7 A A8 H 8 MO 25 T 3 LA 1 AR fh e 3
JE v K LA PR SRR AR B T P b 2 A A VA
M5 I b A 2R R 1], 15 BB 41 =4~ 2% E-MORB £ iy 3% 301 IR
X, BoRAE AR EE AR AR (> 10% ) , BRI 7K 5o
JERE L E-MORB Zaa , e M A LA T S B
TR R ATG , PA SR TR 2K L A X B 00 % o A A b
AL s HUR X B REE , Dy/Yb HU(E t 22 Wil
ARIE A FZEHBRAL 2= A0 AR, A0 S50 o0 4 il R A e 3 A
AN PRI, HIFIRE Dy/Yb > 2.5 WSR fAE H kAR
IR b PR X, HAF AR Dy/Yb < 15 ( Jiang et al. ,
2009) o Lk AW K TR0 4G Dy/Yb ZE4LTE R 2.07 ~
2.24(WT04-2=1.7), T kil SRR AL 1. 46 ~
2.0, B0FE T WLk LA A UR A A T Mg 2 A OO
WA KT AR X B B 2598 o

Je#IFE A X R KLAE A & B Y Nb-Ta 5 45, 55 BE
24 Nb/La LUAEZE fRAHRTHR R (0. 22 ~0. 62 ) , B3 KB HF4H Nb/
La [WHAK HARE (K£ <0.2), Nb-Ta 5 $ WL AT /i B 2 4
B 8 57 R Z b e VR e, T A R D VR IX 2 SN e AR 22401
Flo BRI, 2 KA B MgO & BRI Sm/'™ Nd. L AH (1)
Frim, H ooy (D1 R B E (B 8) , RULAH A HZU B
FHbSEIR Y, Bt Nb-Ta 5 #i 2 HR XRHAE , I 7 K 1L T8
A S0 VR A G & A LILE s g, Je$isamiglk
A & ERN R TR R IE S = H10% Sr-Nd [ 47 F F1E 7 &
O FEAF , 57 25 5 008 o AF D6 1) 58 AR AE T kA= A 1, 8 (R
FIUSBCT METTR s R (B X7 Z AR 2R 0 U
Sr-Nd [Ff I LE L) TS SRR 5 TR 15 BUARRAE o
52 HEER

R B K RAE I THiAH, e Zals I 2 i 3
REAEAE AT (RS 5055 ,2005) o B, EATA AT GETE L T
BiH 3 5 D40, RARER G Ti/V KT 20 (A
10), 55MX AT R BEES, APREET R TN XRE—
F(4n MORB K BAB %) . A ZF 1% 5L 7T Rt BUAR P 1 &,
A PRI LSRR PRUT A 5| ) R Bl A 45
SR, WA B0, 7 AL B X — GO ER B 124 R R
T A e A5 5 0 b F: ( Xu, 2001; Xu et al., 2004, 2007,
2008) o SRR K LA T =AFE AL E-MORB Bk {b 2% 4
S T FRATT I AL 3 327 , A2 R I R o, E-MORB. 3 %
PR P-MORB & “ plume-ridge” , % E-MORB 5 #4 5 a5 1
WA A A LRI &R |, B AR VK & (Schilling, 1973) 384
— b E-MORB A A 2 I8 A7 St s A 40 J55 b A 290 T B 4 3
1& (Schilling et al. , 1985) . IR ATTIN N 8 ) ve K LA
TE RS s A 1 o 2 DI R R R TG R

PR ILE A YA ) SR B 5 58 HLAS Al S o il 43 L PF
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B9 Jeihw — &4 KilE Nb/Y-Zr/Sm (a) Fil Nb/Y-
Hf/Sm (b) &

2SR AR Arth (1976) #it M8l A B 2R fvoAm
T AN [ R T s R T A A N A 25 T8 2R LU AL ) 3 1 e 34
22,2k A AR IR A IS 5 45 14 (Nu9607 ) 1135 g i i U5t
X(S); 1%, 5% F110% 43 HICFA RIS mhFLE ; i 2k 1 vh 2
=/~% E-MORB ££ & : WT010-1,, WT010-2 F1 WT012-1

Fig.9 Nb/Y-Zr/Sm (a) and Nb/Y-H{/Sm (b) diagram of

the Nileke Permian volcanic rocks

G AT H 1 SRR A AEAS [ R, R S ol S
ZOCHTIR] A2 E AR B B 7E Mo A ok - — & 224598
AT BEIRAFAETS SRS, vt SV P 1 350 1) o 2% DA 5 F BT ) T o
=32 (Xiao et al. , 2003; P X32%:,2006; Tang et al.
2010, 2012 ;Zhang et al. , 2007 ) , {H T4 & 0 v 7 75 Bt
ML A MAERRIEA I AR S RILETE =244 %6
F—'r . o, FEm A TE R 1L X0 8 s SRR
O RS R A T B AR FE 220Ma 245 (U0 Zhang et al.
2007) ,{HEHT 57 22 81, 220Ma (4 A2 T — 3 X ik
PRV (4, T v P 728 U 11 2 1 728 R 174 ) [ 8 320Ma /2
A, FRUIE B IR LU b DX A AR SRR p il 3 A8 1) e 2 3 =B 4
(Gao et al. , 2009) ,

Wl Al & s A TR B RN KR A R Y
FEMEE R (RS R A R B - Be e s (i, =

E 10 Je#hre &2 kilizs Ti/1000-V K]

Fig. 10 Ti/1000 vs. V diagram of the Nileke Permian

volcanic rocks

4645 ,2005 ; 2= H B 45, 2006 ) , fEACE B KT AR R A
0, CHRVER I, —F 4l Zals SR ETE T KU E,
TEARR LY 08 0t F0 =I5 2t , 3 A 7 KRB B4
R TEHE AR R Py 3 L 7 B, Wi BR R AR A R L
BT AAR S b gk 0 A 20 6 0 (L G2 320 ~ 290Ma ) R
BEAR 3 1LAE 54 25 R, P X — I3 e D R iy X
(FaUPk 4, 19945 B HL% %, 2005; Han et al. , 1997; Jahn,
2004 ) o X FpE LRI b IX R A AR < o AR R (5
AR LR B E ) | P RE AV bR R i R A
KBETXEMRE /LR ZTRETE N a6 ERE
B, e A A RT LAAR A A B AR B vh s 14 — B 40 R
KIER o BATTEFRX L RCETEH R Z R IE |51
BAFMAR &L XK EH B F EH (Zhang e al.,
2010a) , ATRESZ L T E AR B R A MU IR X, RiEE R — %
A war JERIS iR Py aye i M T AR A I it
B R IRE FEOR B 7 4505 10 Bl g (KA Ak
45 2010 ;Zhang and Zou, 2013a)

6 &iie

(1) e —Sal KA TR A A I BT B R ) 1L
POEL JB TR — S 203 )2, b v T GEma K e 40 70 5 BB A4
KUWEHB, A AR G XRE L s S i
A EREE SO B UK, IR F) 264km” DA KT
LA TR 200m , 5 BRA 1L R i 2600m

(2) ey KL, kA =R IR A A, B RIE e oK
WrRRgE il A B SR Y B XA FRAE, S K,0(2.81% ~
3.91% ) .Sr( > 1000 x 10°°) Fi + ( SREE > 200 x 10 %) F1
(La/Yb) y HAE (9.7 ~11.7) {& Nb/La F{li( k£ <0.2),
Tkl SRR KO KA ] o oy A, — H B R AR
Si0, , 5 MgO, 34K Sr( <500 x 10°°) Hi + (50 x 107° <
SREE <80 x 10 ) fl(La/Yb)  HLAH (1.6 ~2.2) M55
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(1 Nb/La FLfE ( >0.35) , FE Bl & 42 B i b AF (E-MORB) 4%
E W5 7% HEA SRR T A8 X R B 4 W vy ™ 45 o — 4
KALCEAT BRI R A, AR T Ia R TR 4 5 55
—HKIUPEHE Z I

(3) BB s K A A o BE 5 10 Se-Nd [/ 437 3R 4L, 26
L MORB, W EATIR A K 7 B A s P IX . SR, kil
A R EE T 1 Nb-Ta 7353 H6§ 46 KB 126 A1 0 R I RFE
7, MU IR X 52 S 3T J O el L A i S AR T, O 52 3 70 Je
il P B R 2 e o S A PR B 6 S AN IR U A T E AN )
AL B =1 o JE B s KRR 2 as K s B9IE rT fig
M R S 20 e A5k .

Bugt  ROAT N ERAL A BRI E AT SO AT Y
T T 5 S A R R 2 I A A SORIRE 1)

References

Arth JG. 1976. Behavior of trace elements during magmatic processes: A
summary of theoretical models and their applications. Journal of
Research of the US Geological Survey, 4(1) . 41 —47

Borisenko AS, Sotnikov VI, Izokh AE, Polyakov GV and Obolensky AA.
2006. Permo-Triassic mineralization in Asia and its relation to plume
magmatism. Russian Geology and Geophysics, 47 166 — 182

Gao J, Long LL, Klemd R, Qian Q, Liu DY, Xiong XM, Su W, Liu W,
Wang YT and Yang FQ. 2009. Tectonic evolution of the South
Tianshan Orogen and adjacent regions, NW China; Geochemical and
age constraints of granitoid rocks. International Journal of Earth
Sciences, 98(6) : 1221 —1238

Han BF, Wang SG, Jahn BM, Hong DW, Kagami H and Sun YL. 1997.
Depleted-mantle source for the Ulungur River A-type granites from
north Xinjiang, China: Geochemistry and Nd-Sr isotopic evidence,
and implications for Phanerozoic crustal growth. Chemical Geology,
138(3-4): 135 -159

Jahn BM. 2004. Phanerozoic continental growth in Central Asia. Journal
of Asian Earth Sciences, 23(5) : 599 - 603

Jiang YH, Jiang SY, Dai BZ, Liao SY, Zhao KD and Ling HF. 2009.
Middle to Late Jurassic felsic and mafic magmatism in southern
Hunan Province, Southeast China: Implications for a continental arc
to rifting. Lithos, 107(3 —4) . 185 -204

Li JY, Song B, Wang KZ, Li YP, Sun GH and Qi DY. 2006. Permian
mafic-ultramafic complexes on the southern margin of the Tu-Ha
Basin, East Tianshan Mountains: Geological records of vertical
crustal growth in Central Asia. Acta Geoscientia Sinica, 27(5) ; 424
—446 (in Chinese with English abstract)

Li XH, Liu Y, Li QL, Guo CH and Chamberlain KR. 2009. Precise
determination of Phanerozoic zircon Ph/Pb age by multicollector
SIMS without external standardization. Geochemistry, Geophysics,
Geosystems, 10(4) . 1525 -2027

Liang XR, Wei GJ, Li XH and Liu Y. 2003. Precise measurement of
3Nd/" Nd and Sm/Nd ratios using multiple collectors inductively
coupled plasma mass spectrometer ( MC-ICPMS). Geochimica, 32
(1):91-96 (in Chinese with English abstract)

Liu Y, Liu HC and Li XH. 1996.
determination of 40 trace elements in rock samples using ICP-MS.
Geochimica, 25(6) ; 552 —558 (in Chinese with English abstract)

Mao JW, Pirajno F, Zhang ZH, Chai FM, Wu H, Chen SP, Cheng LS,
Yang MJ and Zhang CQ. 2008. A review of the Cu-Ni sulphide
deposits in the Chinese Tianshan and Altay orogens ( Xinjiang

Simultaneous and precise

Autonomous Region, NW China) ; Principal characteristics and ore-
forming processes. Journal of Asian Earth Sciences, 32(2 -4) . 184

£ LFH 2013, 29(10)

Acta Petrologica Sinica

-203

Pirajno F, Mao JW, Zhang ZC, Zhang ZH and Chai FM. 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

Pirajno F, Emst RE, Borisenko AS, Fedoseev G and Naumov EA. 2009.
Intraplate magmatism in Central Asia and China and associated
metallogeny. Ore Geology Reviews, 35(2) . 114 - 136

Polyakov GV, Izokh AE and Borisenko AS. 2008. Permian ultramafic-
mafic magmatism and accompanying Cu-Ni mineralization in the
Gobi-Tien Shan belt as a result of the Tarim plume activity. Russian
Geology and Geophysics, 49(7) : 455 —467

Schilling JG. 1973. Iceland mantle plume: Geochemical study of
Reykjanes Ridge. Nature, 242(5400) ; 565 —571

Schilling JG, Thompson G, Kingsley R and Humphris S. 1985. Hotspot-
migrating ridge interaction in the South Atlantic. Nature, 313
(5999) : 187 -191

Song ZR, Xiao XL, Luo CL, Wu MR, Ling LH and Cheng CH. 2005.
New advances in the study of Permian stratigraphy at Nileke in the
Yinin Basin, Xinjiang. Xinjiang Geology, 23 (4): 334 - 338 (in
Chinese with English abstract)

Tang GJ, Wang Q, Wyman DA, Li ZX, Zhao ZH, Jia XH and Jiang ZQ.
2010. Ridge subduction and crustal growth in the Central Asian
Orogenic Belt: Evidence from Late Carboniferous adakites and high-
Mg diorites in the western Junggar region, northern Xinjiang ( West
China). Chemical Geology, 277(3 —4) . 281 -300

Tang GJ, Wang Q, Wyman DA, Li ZX, Xu YG and Zhao ZH. 2012.
Recycling oceanic crust for continental crustal growth: Sr-Nd-Hf
isotope evidence from granitoids in the western Junggar region, NW
China. Lithos, 128 =131 73 -83

Tian W, Campbell TH, Allen CM, Guan P, Pan WQ, Chen MM, Yu HJ
and Zhu WP. 2010. The Tarim picrite-basalt-thyolite suite, a
Permian flood basalt from northwest China with contrasting rhyolites
produced by fractional crystallization and anatexis. Contributions to
Mineralogy and Petrology, 160(3) : 407 —425

Wang SG, Han BF, Hong DW, Xu BL and Sun YY. 1994.
Geochemistry and tectonic significance of alkali granites along
Ulungur River, Xinjiang. Chinese Journal of Geology, 28 (4) . 373
—382 (in Chinese with English abstract)

Wei GJ, Liang XR, Li XH and Liu Y. 2002. Precise measurement of Sr
isotopic composition of liquid and solid base using ( LP) MC-ICPMS.
Geochimica, 31(3): 295 =299 (in Chinese with English abstract)

Wu H, Li HQ, Mo XH, Chen FW, Lu YF, Mei YP and Deng G. 2005.
Age of the Baishiqun mafic-ultramafic complex, Hami, Xinjiang and
its geological significance. Acta Geologica Sinica, 79 (4): 498 -
502 (in Chinese with English abstract)

Xia ZC, Xu XY, Xia LQ, Li XM, Ma ZP and Wang LS. 2005.
Geochemistry of the Carboniferous-Permian post-collisional granitic
rocks from Tianshan. Northwestern Geology, 38 (1): 1 - 14 (in
Chinese with English abstract)

Xiao W], Windley BF, Hao J and Zhai MG. 2003. Accretion leading to
collision and the Permian Solonker suture, Inner Mongolia, China:
Termination of the Central Asian Orogenic Belt. Tectonics, 22(6) :
1069 - 1088

Xiao WJ, Windley BF, Yan QR, Qin KZ, Chen HL, Yuan C, Sun M,
Li JL and Sun S. 2006. SHRIMP zircon age of the Aermantai
ophiolite in the North Xinjiang Area, China and its tectonic
implications. Acta Geologica Sinica, 80(1): 32 =37 (in Chinese
with English abstract)

Xu YG. 2001. Thermo-tectonic destruction of the Archaean lithospheric
keel beneath the Sino-Korean craton in China: Evidence, timing and
mechanism. Physics and Chemistry of the Earth, Part A: Solid Earth
and Geodesy, 26(9) . 747 =757

Xu YG, He B, Chung SL, Menzies MA and Frey FA. 2004. Geologic,
geochemical , and geophysical consequences of plume involvement in
the Emeishan flood-basalt province. Geology, 32(10): 917 =920

Xu YG and He B. 2007. Thick, high-velocity crust in the Emeishan large



v #TREEL R T &2 KL £ 0 s AL S 45 AR B A % 7 3L 3401

igneous province, southwestern China: Evidence for crustal growth
by magmatic underplating or intraplating. In: Foulger G and Jurdy D
(eds. ).
Planetary Processes.  Geological Society of America Special
Publication, 430 841 - 858

Xu YG, Luo ZY, Huang XL, He B, Xiao L, Xie LW and Shi YR.
2008. Zircon U-Pb and Hf isotope constraints on crustal melting

The Origins of Melting Anomalies. Plates, Plumes, and

associated with the Emeishan mantle plume. Geochimica et
Cosmochimica Acta, 72(13) : 3084 -3104

Zhang CL, Li XH, Li ZX, Ye HM and Li CN. 2008. A Permian layered
intrusive complex in the western Tarim Block, northwestern China:
Product of a ca. 275Ma mantle plume? Journal of Geology, 116(3) :
269 -287

Zhang CL, Li ZX, Li XH, Xu YG, Zhou G and Ye HM. 2010a. A
Permian large igneous province in Tarim and Central Asian orogenic
belt, NW China: Results of a ca. 275Ma mantle plume? GSA
Bulletin, 122 2020 -2040

Zhang CL, Xu YG, Li ZX, Wang HY and Ye HM. 2010b. Diverse
Permian magmatism in the Tarim Block, NW China; Genetically
linked to the Permian Tarim mantle plume? Lithos, 119 (3 —4) .
537 -552

Zhang CL., Zhou G, Wang HY, Dong YG and Ding RF. 2010. A review
on two types of mantle domains of the Permian large igneous province
in Tarim and the western section of Central Asian orogenic belt.
Geological Bulletin of China, 29(6): 779 — 794 (in Chinese with
English abstract)

Zhang CL and Zou HB. 2013a. Comparison between the Permian mafic
dykes in Tarim and the western part of Central Asian Orogenic Belt
(CAOB), NW China: Implications for two mantle domains of the
Permian Tarim Large Igneous Province. Lithos, 174 15 -27

Zhang CL and Zou HB. 2013b. Permian A-type granites in Tarim and
western part of Central Asian Orogenic Belt ( CAOB) : Genetically
related to a common Permian mantle plume? Lithos, 172 - 173 47
-60

Zhang LF, Ai YL, Li XP, Rubatto D, Song B, Williams S, Song SG,
Ellis D and Liou JG. 2007. Triassic collision of western Tianshan
orogenic belt, China: Evidence from SHRIMP U-Pb dating of zircon
from HP/UHP eclogitic rocks. Lithos, 96(1 -2) . 266 —280

Zhou DW, Liu YQ, Xin XJ, Hao JR, Dong YP and Ouyang ZJ. 2006.
Tracing and reconstruction of the Palaeo tectonic background of the
Permian basalts in Tuha and Sangtanghu Basins, NW China.
Science in China ( Series D), 26 143 —153

Zhou MF, Lesher CM, Yang ZX, Li JW and Sun M. 2004. Geochemistry
and petrogenesis of 270Ma Ni-Cu-( PGE ) sulfide-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

Zhou MF, Zhao JH, Jiang CY, Gao JF, Wang W and Yang SH. 2009.

OIB-like, heterogeneous mantle sources of Permian basaltic
magmatism in the western Tarim Basin, NW China; Implications for
a possible Permian large igneous province. Lithos, 113(3 —4) . 583
-5%

Zindler A and Hart SR. 1986. Chemical Geodynamics. Annual Review of
Earth and Planetary Sciences, 14(1) . 493 -571

Bt Hp 325 2 S0k

B, R, Fron, 2, IV, FF4F . 2006. ZRoR 1Lt
WS A R 2k S IR A I A I DX G 5 2 e A A
Fric k. HIERFAR, 27(5) : 424 —446

YN, FHIEE, ZEEk4e, X 2003. F]H MC-ICPMS A% 6 il &
BN/ Nd F1 Sm/Nd [l HiBRfb22, 32(1) : 91 96

XU, XMEEL, ZEmRAE. 1996. F ICP-MS HERfINE A A7 A & i 40
AR CE. HiER{E2E, 25(6) : 552 -558

Rikgm, HWRAk, ZEMK, RUMZ, BB, BEL. 2005, FrEt
T ARy e X & 2 M E IR . TR T, 23(4)
334 -338

ERpk, A, AT, FRE, INEZ. 1994, B 548 b i i
PEAE B Y 3K AL 25 K A 38 5 L. SRR A4, 28 (4): 373
-382

TN, BeAne, ZERkAE, XISH. 2002. (LP)MC-ICPMS J7 ¥4l
SETRARFN B ARE 1 Sr Al 4. Heskfb2%, 31(3): 295
-299

b, AT, BORAE, RESC, Mk, MR, XBK. 2005. i
A8 T A S T DX - R o P TR S G B b Jo 2 3L
HFRFAR, 79(4) ; 489 —502

WA, w530, A, 2R, 597, 304k 2005, Rilif
MR- B 20 LR AL B TUA A RIS PEAbHT, 38(1) -
1-14

M 3028, Windley BF, [l 4\, @50, BRIUAK, =8, Mg, 24k
5%, FMIK. 2006. JGHREHL X BT /R S K ip kA 4 A SHRIMP 4545 K
FORH S B . M54, 80(1) : 32 -37

SRAGHR, RN, T, AW, T ik, 2010. 3 BRI T L
IR B LR ABEE PSS IR X, HhFiE R, 29(6) .
779 -794



