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Abstract: The Late Permian Yingmailai granitic intrusion is located in the middle part of the southern Tianshan. It consists pre-
dominantly of biotite K-feldspar granite with minor two-mica K-feldspar granite. Two types of ellipse-shaped xenoliths inclu-
ding dark-color fine-granular xenolith and light-color granitic xenolith have been recognized in the granitic intrusion. The xeno-
liths share geochemical similarities with granites. They are characterized by high SiO, contents, enrichment of K and total alkali
coupled with low MgO and CaO contents. Furthermore, they display the enrichment in Rb, Ba, Th and REE as well as signifi-
cant f{ractionation of LREE from HREE, and negative Nb, Ta, Zr and Hf anomalies on the ORG normalized trace element pat-
terns. The similar variation trends of major oxides between granites and xenoliths on the Harker diagram suggest that they de-
rived from a common parental magma. The A/CNK ratios range from 0. 99 to 1. 08, meta-aluminous to per-aluminous feature.
The chondrite-normalized REE patterns are characterized by strong enrichment of LREE relative to HREE and significantly
negative Eu anomalies. In combination with their high (¥ Sr/®* Sr), ratios (0. 710 36 to 0. 715 85) and negative enq () values
(—1.67 to —6.45), it can be inferred that the magmas might have been produced by dehydration melting of crust-source am-
phibole-bearing mafic rocks (<C50 km), and that crystal fractionation of biotite and plagioclase with minor magnetite might

have occurred before emplacement. The petrological and geochemical characteristics of the granitic rocks suggest that the intru-
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sion is a transition type between A and S types, and formed in the late or end stage of collision between Tarim and Kazakhstan

plate in Late Permian time.

Key words: two-mica granite; geochemistry; crust source; Permian; southern Tianshan,
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rographic features of the granite and xenolith
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Fig. 2 Fine-granular xenolith in the granite (distinct boundary between granite and xenolith can be recognized) and typical pet-

( )se.
( )sd
( )sg. s
s s ( )
C 2d. 70%;
, s 3mmX1. 5 mm,
(An=18). 10%%;
4 mm X 3. 5 mm,
20%, .
C  2e). ,  2mmX
1. 25 mm, 40%0;
(An=20), , L5mmX1.0mm,
10%; ; 30%%3
— ,  2.5mmX2 mm,
) 20%. .
; 1%,
40% . ;
8076,
» - , 6. 5 mm X
5 mm, 8.5 mmX6. 0 mm,
90% . N

~ 5 ’

4mm X 3.5 mm, 10%,



912 E— 35
1 (%)
Table 1 Major element analyses of the Yingmailai granites and xenoliths
Q01 Q03 Q04 Q05 Q06 Q07 Q08 Q09 Qab01 Qab03 Qab05 Qabb
SiO, 73.9 71.3 72.1 4.7 77.6 74.4 77 74,4 75.1 69. 9 76.4 66. 2
TiO, 0.11 0. 26 0. 22 0.12 0.18 0. 21 0. 15 0.16 0. 16 0. 59 0.13 0.78
Al O3 13.6 13.91 13.62 13.3 11. 25 12.75 11. 86 12.51 12. 56 13.5 11.91 14.12
Fe; O3 1. 33 3.27 2. 67 1.22 1. 88 2.22 1. 67 1. 64 1.58 5. 81 1. 63 8.23
FeO 0.92 2.13 1. 67 0. 94 1. 41 1. 58 1. 14 1.19 1. 18 4.49 1. 21 6. 64
MnO 0.03 0. 06 0. 05 0.02 0.03 0.03 0. 02 0. 02 0.02 0. 08 0.03 0.11
MgO 0.12 0.18 0.17 0.18 0.21 0.25 0.21 0.19 0.21 0.78 0.19 1. 13
CaO 0. 84 1.33 1.09 0.75 0. 69 0. 96 0. 81 0. 85 0.73 1. 88 0. 45 2.04
Na, O 3. 39 3. 39 3.15 2. 96 2.6 2.97 2.74 2.91 2.78 3.73 2.42 4. 04
KO 5.9 5.6 6.1 6.2 4.8 5.3 4.9 5.4 5.9 3 5.9 2.5
P,0Os 0. 06 0.09 0. 08 0. 07 0. 08 0. 09 0. 08 0. 08 0. 07 0. 25 0. 07 0.33
LOI 0. 68 0.49 0. 41 0.5 0. 38 0. 56 0. 64 0. 54 0. 47 0. 91 0.5 0. 86
SUM 100 99.9 99. 7 101.1 99. 7 99.1 101. 1 99. 6 99. 6 100. 4 99. 7 100. 3
A/KN 1. 14 1.2 1. 15 1. 14 1. 19 1.2 1.2 1.18 1. 15 1. 44 1. 15 1. 51
A/CNK 1.011 0.99 0. 988 1. 024 1. 048 1. 028 1. 048 1. 028 1. 024 1. 057 1. 067 1. 082
) 2.774 2. 845 2.956 2.672 1. 587 2.197 1.733 2.172 2.333 1. 671 2.061 1. 841
: A/KN=AI;,0;/(K;O+NazO) ( )3 A/CNK=Al;03/(Naz O+K;O+Ca0O) ( ) ;0= (K;O+Na, )2/ (Si0, —43).
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Table 2 Trace element analyses of the Yingmailai granites and xenoliths

Qo1 Q03 Q04 Q05 Q06 Q07 Q08 Q09 Qab01 Qab03 Qab05 Qabb

La 54.5 39.3 83. 1 42.2 73.2 31.3 34.3 26.7 45 32.3 24.9 32.8
Ce 102 78.3 157 90. 4 153 64.3 75 59.4 96. 9 69.7 55.7 72.1
Pr 19.6 12.8 25.3 14. 4 26.2 10. 8 11.7 9.28 15.6 11.3 8.71 11.7
Nd 38.1 32 54. 6 32 57.1 25.1 26.6 21.3 38.1 26.3 19.7 28.8
Sm 8.38 7.36 8.45 7.21 8.63 5.75 5. 86 4. 89 8.32 5.67 4. 11 6. 63
Eu 3.17 1. 96 1. 88 0. 465 0. 408 0. 475 0. 303 0. 224 0.422 0. 362 0. 205 0. 361
Gd 11.5 10.7 12 7.02 11.5 7.2 6. 46 4. 82 8.1 7.89 5.02 9.51
Th 1. 62 1.59 1.55 1 1.51 1.1 0. 841 0.622 1.12 1.23 0. 801 1. 61
Dy 7.83 7.65 7.51 5.11 7.24 6. 04 3.83 3 5. 94 6. 44 4.58 8. 28
Ho 1. 36 1. 34 1.15 0. 958 1.25 1.14 0. 641 0. 532 1.11 1. 07 0. 943 1. 45
Er 3.15 3.08 2.97 2.39 3. 06 2.9 1. 48 1.32 2.81 2.53 2.59 3.26
Tm 0. 654 0. 596 0. 482 0. 357 0.421 0.425 0.2 0.19 0.413 0.322 0. 376 0.417
Yb 3.15 3.1 2.99 2.08 2.39 2.4 1.07 1.08 2.39 1.59 1. 98 2.02
Lu 0.461 0. 442 0. 426 0. 303 0. 339 0. 347 0. 152 0. 162 0.162 0. 345 0.211 0. 251
Ba 734 783 762 244 268 315 180 138 219 137 150 145
Cu 176 27.1 85.1 300 235 286 61.2 38.8 19. 6 50. 6 47. 4 167
Sr 49. 2 67.2 66. 3 33.9 29.5 54.1 25.4 41. 8 30. 4 29.8 16. 8 28.9
\% 6. 26 5.19 4. 44 6. 09 6. 04 6. 49 4.52 3.29 4.16 21 3.38 34.2
Zn 91.8 86. 6 88. 1 77 63. 6 372 548 260 67.3 121 48. 2 219
Co 0. 487 0. 811 0.62 0. 674 0. 965 1. 98 1.19 1. 27 0.8 3.45 0. 545 6. 21
Ga 48.7 49.5 47. 3 20. 2 22 24.2 21.5 12.1 18.7 15.2 12.8 18.7
Rb 101 154 158 162 151 158 107 87.4 152 173 132 222
Th 22.4 25.9 29.9 29.9 67.5 53.1 34.3 23.7 35.2 31.2 16. 2 24.8
U 3.42 3.91 2. 84 2.04 5.49 10 2.22 7.46 2. 86 0. 986 1.11 0. 55
Cr 17.3 30. 3 14.6 14.6 11.5 24 19.5 21.5 12.6 25.7 10.5 13. 4
Ni 2.41 1. 69 1.62 2.22 1. 66 4. 68 14.5 0.223 2.03 2. 86 1.78 4.7
Zr 3.34 11. 2 13.8 4,67 3.05 6.7 2.58 3.75 2.98 7.16 0. 63 3.33
Nb 22.3 39.3 29. 4 14.3 20.0 22.7 16. 4 16.7 17.8 23.5 17.8 23.1
Hf 0. 911 1. 84 2.33 1. 07 0. 366 1.02 0. 367 0. 486 0. 319 0. 927 0. 098 0. 256
Ta 1.25 1. 34 1. 20 0. 98 1.18 0. 99 1. 27 1. 60 0. 83 0. 90 0.76 0.71
Y 5.92 2.92 2.53 2.47 2.02 38.4 3.69 33.3 7.84 5.29 2.16 3.23
Y 35.9 58. 9 55.8 21. 4 28. 4 25.6 14. 4 12.3 24.7 23.6 22.6 31.4

> REE 256.48  200.22  359.41  205.89  346.25 159.28 168.44 133.52  226.39 167.05 129.83  179.19
LREE 225.75 171.72  330.33 186.68 318.54 137.73 153.76 121.79  204.34 145.63 113.33 152.39
HREE 29.73 28. 50 29. 08 19. 22 27.71 21.55 14. 67 11.73 22.05 21.42 16. 50 26. 80
LREE/HRE 7.59 6.03 11. 36 9.71 11. 50 6. 39 10. 48 10. 39 9.27 6. 80 6. 87 5. 69
(La/Yb), 9.56 7.65 15.92 12. 89 19. 50 8.01 21. 32 15. 84 25. 84 8.73 11. 40 12. 41

SEu 1. 00 0. 68 0.58 0. 20 0.13 0.23 0. 15 0.14 0.16 0.17 0. 14 0.14
oCe 1.79 1. 48 1. 54 1.51 1. 60 1. 54 1. 48 1. 48 1. 48 1.51 1. 48 1. 48
. Mg0O.CaO.Na,O K,O . 2. 36, 1.97.
0.19%~1.13%.0. 45% ~2. 04% .2. 4% ~ , 2 :Qab01l  Qab05(
4.0%  2.5%~5.9%. 2 SO, ), Q09.Q08 2
( ) MgO )
FeO , Harker «c 3 , KO .,
¢ 2 ). TiO, . ALO; MgO.,CaO  Na,O
A/CNK  0.99~1. 05, - , SiO, . K0
., A/CNK 1.02~
1. 08. ©) 3.2
., 1.6~3.0, 5
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Fig. 4 Chindrite-normalized REE patterns of the Yingmailai

granites and xenoliths
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Fig. 5 ORG-normalized trace element patterns of the
Yingmailai granites and xenoliths
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Table 3 Sr and Nd isotopic compositions of the Yingmailai granites and xenoliths

Qo1 Q03 Q04 Q05 Q06 Q07 Q08 Q09 Qab 01  Qab03  Qab 05 Qabb

Rb(107%) 107. 2 155.1 160. 5 158.9 148.7 161.5 110.9 90. 23 149. 8 170.7 129. 8 226.2
Sr(1076) 51.23 69. 76 63. 85 34.71 30. 25 52. 81 27.32 39. 89 29.15 28.53 15. 45 31.23
S7Rb/% Sr 6. 055 6. 781 7.062 14.13 15. 14 8. 632 12. 39 6.139 14. 94 17.12 23.18 22.71
87Sr/86Sr  0.737603 0.740051 0.737 133 0.764 298 0.765357 0.743812 0.75803 0.735034 0.76403 0.772631 0.795005 0.793 691
(87Sr/%8Sr), 0.715850 0.715689 0.711762 0.713534 0.710964 0.7128 0.713517 0.712979 0.710356 0.711125 0.711728 0. 712102
Sm(10%) 7.998 7.235 8.172 7.504 7.954 5. 841 5. 702 4. 775 5.568 5.524 4. 156 6. 498
Nd(107%) 37.23 31.45 53.78 31. 96 56. 33 23.76 26. 81 20. 99 33. 87 6. 094 20. 18 27.33
USm/M"Nd 0.1209 0.1201 0.1108 0.1112 0.1013 0.1204 0.1208 0.1195 0.1305 0.1328 0.1259 0.1231
USNd/M'Nd  0.512205 0.512184 0.512217 0.512208 0.512186 0.512179 0.512195 0.512187 0.512441 0.512429 0.512398 0.512 323
(BNd/M™ND, 0.512001 0.511981 0.51203 0.51202 0.512015 0.511976 0.511991 0.511985 0.512221 0.512205 0.512185 0.512 115
ena (1) —5.96 —6.34 —5.39 —5.58 —5.68 —6.45 —6.15 —6.26 —1.67 —1.98 —2.35 —3.73

t=258 Ma; (1*3Nd/" Nd) cnur =0. 512 638; (147 Sm/"* Nd) chur =0. 196 7325, =1. 39X10" 1 /a325m="6. 54 X 10712 /a,
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Table 4 Comparison of the Yingmailai intrusion with A type of granite
A
Na; O+K,0 7.5~9.3 7~11% Eby(1990);
CaO 0.7~1.3 <1.8% (2008)
FeO* /MgO 5~12 8~80
KN/A 0. 83~0. 88 =0. 85
Zr+Nb+Ce+Y 92~256X10"6 =>350X10"6
134~359X106 219.03X10°°6 Whalen(1987)
wy wyr .
(Ga/AD X 10 000 1.8~6.7 >2.5
10 10° A T e
o AR FF &
syn-COLG
10° WPG
z Z 10t
10
VAG ORG
10° 10° |
10° 10’ 10° 10° 10* 10° 10° 10*
Y Y+Nb
7 Nb-Y Rb-CY-+Nb) ( Pearce et al. , 1984)
Fig. 7 Diagrams of Nb versus Y and Rb versus Y-+Nb
215>< 105 kPa ’ Nago ’
4.5%~6. 5% (Sen and Dunn, 1994; Rapp and Eu ( ,1999).
Watson, 1995; Winther, 1996). Na , (¥"Sr/* Sr),
ena (D)
(Petford and Atherton, 1996).
1 . Naz () —
’ Naz O N
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Yb s s
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). 4.3 IS A
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