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Abstract: There are different theories about the genesis and age of banded-augen (rapakivi) anatectic granitoids (charnock-
ite) , which outcrop extensively in Yunkai region, western Guangdong Province. Their petrochemistry, chronology, defor-
mational and metamorphic structures were studied. The petrochemical features of most granitoids are; A/CNK>1. 1, Cao/
Na, O=0. 62—1. 61 (average 0. 94, >0. 3), Al,O;/TiO=16. 6—60. 6 (average 23. 68), loss high field strong elements Ta,
Nb,Zr, strong peraluminous high-K calc-alkaline and calc-alkaline granitoids in a post-collisional tectonic enviroment of sub-
duction-collision orogenic belt in an active-continental margin. The temperatures of charnockite and gneissic garnet-bearing
biotite monzonitic granite are obviously higher than that of banded-augen (rapakivi) biotite monzonitic granite, and charnoc-
kite and gneissic garnet-bearing biotite monzonitic granite with the evolutional characterics of A-type granites. From banded-
granite, augen (rapakivi) biotite monzonitic granite to charnockite and gneissic garnet-bearing biotite monzonitic granite, the

forming ages are (4654+10)Ma, (467410)Ma, (4354+11)Ma and (413=+8) Ma respectively, and become younger. These
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results show that there were oceanic-continental subduction-collision and post-collisional extension-delamination-underplating

between the Yangtze and Cathaysia plates during the Caledonian, and they experienced compressional uplift and extensional

exhumation during the Indosinian. It provides important evidence of the oceanic-continental subduction-collision of the Yan-

gtze plate downward to the Cathaysia plate during the Caledonian in South China.

Key words: Yunkai orogenic belt; Caledonian; strong peraluminous anatectic granitoids; post-collisional tectonic enviro-

ment; extension-delamination-underplating.
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Fig. 1 Geological sketch map of Yunkai area
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1
Table 1 Major (%) and trace (frg + g ') element analyses of the granitoids from the Yunkai area

D19—4 HLX—1 HS]—1 HSW—1 Di2—1 D38—4 D58—4 D59—1 D23—1 D23—4
SiO; 68. 65 67.90 68. 76 66. 72 69. 66 70. 41 71. 64 73.13 69. 29 69. 10
TiO, 0.76 0. 85 0. 80 0.78 0. 62 0. 64 0. 36 0.22 0.52 0. 49
Al O3 14. 36 14. 30 13. 29 15.41 14. 03 13. 85 13. 41 13. 34 14. 32 14. 69
Fe; O3 1.75 0. 04 0.51 1.79 0. 31 1.13 0. 35 0.24 0.21 0. 27
FeO 3.85 5.43 5.16 3.68 4. 56 3. 86 3. 40 2. 80 3. 86 3.70
MnO 0.10 0. 08 0. 08 0. 08 0. 07 0. 07 0. 06 0. 05 0. 05 0. 05
MgO 1. 86 1. 81 1. 87 1.93 1. 20 1.17 0. 76 0. 48 1.18 1. 08
CaO 3.92 3.25 3. 44 4. 28 1. 83 1. 88 2.09 1.31 2.43 2.82
Na; O 2.43 2.48 2.52 2.74 2.68 3.02 2.74 2.91 2.51 2.82
K20 1.63 2.43 3. 14 1.97 4. 04 3.56 3.95 4. 64 3.90 3.68
P,0Os 0. 10 0.08 0. 21 0.08 0. 09 0.13 0. 15 0.12 0. 23 0. 23
CO2 0.18 0.13 0. 26 0.18 0.13 0.19 0.29 0.19 0. 14
Cl 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0. 05
F 0.03 0. 04 0.03 0. 05 0. 09 0. 08 0. 06 0. 08 0. 08
LOI 0. 25 0. 44 0.28 0. 16 0. 26 0. 34 0. 46 0.19 0. 86 0. 14
Total 99. 64 99.01 99. 97 99. 77 99. 34 99. 96 99. 21 99. 61 98. 80 99. 21
AKNC 1. 11 1.13 0. 96 1. 07 1.16 1.13 1. 07 1. 09 1.12 1. 07
Ca0O/Na; O 1.61 1.31 1.37 1. 56 0. 68 0. 62 0.76 0. 45 0.97 1. 00
Al O3 /TiO: 16. 82 16. 82 16. 61 19. 76 22.63 21. 64 37.25 60. 64 27. 64 29.98
Ba 939. 30 1525.80 1511.00 1034.40 1034.48 397. 25 456. 56 349.03 1065. 49 983. 09
Rb 53. 05 76. 15 93. 50 60. 47 113.12 118. 19 152.75 165. 59 134. 83 112. 45
Sr 165. 90 182. 90 165. 60 167. 50 90. 09 52.11 76.55 59. 86 113.18 110. 90
Y 36. 66 21.06 38. 42 20. 26 32. 64 40. 52 33. 35 44, 54 25.97 23.26
Zr 256. 30 286. 30 336. 20 347. 30 150. 28 114. 94 152. 20 119. 17 159. 70 84.53
Nb 13. 61 13. 37 14. 55 13. 56 11. 07 11. 37 10. 67 9.10 11. 21 11. 06
Th 26. 00 32. 31 28. 86 33. 26 23.51 19. 32 16. 25 18. 45 20. 15 16.72
Ga 19. 15 18. 64 19. 43 20. 00 16. 23 16. 37 16. 43 16. 23 18. 54 18. 54
\ 88. 17 107. 30 93. 35 92.92 62. 74 54. 96 37. 30 20.72 66. 19 63. 64
°r 45. 23 46. 69 41. 86 40. 27 30. 09 26. 80 12. 03 6. 61 27.61 25.97
Hf 7.05 7.92 9.45 10. 44 4,41 2.81 4. 77 4. 19 3.75 2.49
Cs 4.19 7.92 4.70 6.01 4. 05 3.85 4.74
Sc 16. 93 15. 30 16. 68 12. 84 9.95 10. 51 9.29 6. 82 19. 26 13. 48
Ta 0.98 0.99 1. 14 0. 96 1.05 0.79 1. 02 1. 27 0.79 1. 00
Co 12.57 12.32 10. 48 11. 98 5. 87 6. 15 3.38 2.04 6. 47 5.52
U 1. 37 1. 43 1.72 1.59 3.62 2.25 3. 36 10. 88 2. 05 2. 00
La 69. 35 75. 35 65. 85 77.33 44. 45 38. 83 34.49 25. 89 47. 64 39. 26
Ce 134. 40 144. 10 132. 30 149. 60 99.19 83. 97 76. 55 59. 05 101. 59 84.99
Pr 16. 25 17.72 16. 29 18.53 11. 81 9.55 9.04 7.24 11. 30 9.68
Nd 62. 08 63.99 60. 65 70.33 43. 44 34.76 33. 14 26. 26 41. 02 35.75
Sm 10. 34 11. 06 11. 22 12. 23 8. 61 7.14 7. 20 6. 50 7.98 7.32
Eu 2.09 2.10 1. 88 2.09 1. 26 0.78 1.01 0. 68 1. 37 1. 38
Gd 8. 33 8. 83 9. 87 9. 00 7. 81 6. 70 6. 76 6. 45 7.29 6.43
Tb 1. 25 1. 14 1. 46 1. 16 1. 24 1.13 1. 20 1. 36 1. 09 1. 10
Dy 7.14 5. 05 7. 46 4. 97 6. 64 6. 54 6. 94 8.48 5. 44 5.68
Ho 1. 50 0. 82 1.29 0. 84 1. 35 1. 41 1. 39 1.77 0. 96 0. 96
Er 4.02 1. 96 3.03 2.04 3. 88 4. 08 3.94 5.23 2. 40 2.17
Tm 0. 56 0. 26 0. 40 0. 26 0. 57 0.59 0. 57 0. 82 0.28 0.23
Yb 3. 49 1. 92 2.41 1.55 3. 68 3. 56 3. 64 5.39 1. 65 1.23
Lu 0. 54 0. 34 0. 43 0. 26 0.58 0. 53 0. 56 0. 81 0. 24 0.18
REE 321.32 334. 64 314. 53 350. 18 234.51 199. 57 186. 43 155. 93 230. 25 196. 36
LREE/HREE 10. 98 15. 47 10. 94 16. 45 8. 11 13 6. 46 4. 14 10. 90 9.92
OEu 0.73 0. 69 0. 58 0. 64 0.51 .37 0. 48 0. 35 0. 59 0. 66
(La/Yb)n 11. 81 23. 36 16. 20 29. 64 7.17 6. 48 63 2. 85 17. 14 18. 95
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1
D23—5  Ds4—1 HXG—1 Dil—2 HXY—1—1 HB—1 HHT—1 HY—1 JCS—1 XJ—1
SO, 70.13 7022 69.34 7166  68.18 7101 70. 46 70. 08 68.42 7160
TiO; 0.53 0.56 0. 50 0. 54 0. 67 0.46 0.48 0. 46 0. 67 0.75
AL Oy 14. 38 14. 06 14. 43 12.76 13. 84 13.95 13.18 14. 23 13.77 1227
Fex O3 0. 34 1. 20 0.41 0. 56 0. 10 0.12 0.32 0. 44 0. 48 0. 08
FeO 3. 60 3.35 4.01 3.82 5.16 3.42 3.78 2.98 6. 08 4.69
MnO 0.05 0.05 0.06 0. 06 0.07 0. 06 0. 06 0.05 0. 09 0. 09
MgO 1.45 118 112 1.08 1.69 0. 84 0.94 0.79 1.80 2.55
Ca0 2.58 3.00 3.19 2.68 2.64 1.75 1. 89 2.30 2.17 1. 34
Na; O 2.50 2.70 3.09 2. 40 2.82 2.78 2.99 3.13 3.02 2.15
K, O 3.62 2.70 3.06 2.80 2.72 4.32 1.29 4.18 2.54 2.29
P,0s 0.21 0.21 0.20 0. 24 0.19 0.10 0.12 0.10 0. 14 0.05
CO, 0.13 0.22 0.19 0.19 0.16 0.39 0.21 0. 34 0.21 0.39
cl 0.03 0.03 0.01 0.03 0.01 0. 02 0.03 0. 02 0. 08 0.01
F 0.09 0.12 0.09 0.10 0.10 0.08 0.09 0. 10 0. 06 0.10
LOI 0.24 0. 52 0.22 0.72 0. 98 0. 62 0. 36 0. 54 0. 64 1.34
Total 99.64  99.60  99.69 99. 45 98.35 99.30  98.83 99.20  99.53  98.36
AKNC 1.13 1.10 1.02 1.08 112 112 101 1.03 1.18 1.45
Ca0/Na:O 1.03 111 1.03 112 0. 94 0.63 0.63 0.73 0. 72 0. 62
ALOs/TiO; 2713 25.11 28. 86 23.65  20.66  30.33  27.46 30,93 20.55  16.36
Ba 673.66  609.34  587.80  415.98  620.90  754.90 7510  674.70  512.70  232.80
Rb 81.98  115.79  143.60  73.23  138.00  121.60  199.80  172.50  100.60  149.80
Sr 7552 10113 123.90  67.08  130.50  84.86  86.94  83.47 99.27  43.56
Y 27.16 24.52  28.65 19.81 33. 82 54.05 55. 21 36.78 6123  38.58
Zr 93.06 14222 179.60  100.14  251.70  246.80  195.80  217.00  206.50  316.70
Nb 7.94 9.78 10. 02 9. 04 12.79 11.12 11. 59 9. 68 10.57 2022
Th 13.39 24.76 16. 22 13.42 2534 2546 2472 2261 1421 28.33
Ga 13.45 17.59 18. 68 13.13 19. 35 18. 84 19. 10 18.51 17,97 18.78
\% 42.55 59.83  50.36  42.45 71.81 10. 33 5214 41.65 52.08  70.00
Cr 18. 51 21.53 15. 25 13.98 2580 16.28  21.89 12,64 20,99 58.50
Hf 2.56 .25 5.39 3.11 7.39 7.70 6. 13 6.67 5. 95 9. 36
Cs 2.49 7.20 6. 80 2.56 6. 90 12.56 11.73 5.47 5.72 5.82
Se 7.63 15. 45 9. 49 14. 56 13.19 9. 96 9.93 7.15 16. 92 9. 86
Ta 0.51 0.77 0. 84 0.76 0. 94 1.37 1.53 0. 84 1.01 1.17
Co 3. 61 6. 12 6. 01 4.46 8.79 5. 62 5. 66 5.37 792 12,15
U 1.28 2.38 3.42 2.52 2.44 3.82 6. 45 3.16 2.17 2.44
La 31. 42 53. 77 38.78  30.15 5293 44.60  40.53 10.90 3850  48.96
Ce 67.80  118.36 77.22 66.57  106.20 93.49 8414  87.81 83.22  104.00
Pr 7.68 13.82 9. 63 7.80 13. 28 11. 64 10.55 10. 92 1042 13.19
Nd 27.78  50.65 3536 28.66  49.02  43.84 3895  40.37  40.17  48.85
Sm 5.70 9. 68 6.76 5.79 9.14 8.70 7.96 7.83 8.73 1010
Eu 1. 04 1.39 1.34 0.93 1.31 112 1. 04 1.02 1.52 0.81
Gd 5.25 8.40 6. 12 5.05 7.92 8.17 7.72 7.05 9.15 9.04
Th 0. 90 1. 24 0.98 0. 84 1. 25 1. 44 141 1.20 1. 60 1.43
Dy 5. 09 6. 10 5.36 1.54 6. 60 8. 69 8.64 6. 82 9. 60 7.22
Ho 1.08 1.06 0.95 0.82 1.18 1.79 1.79 1. 32 1.93 1.23
Er 3.17 2.59 2.16 2,00 2.73 5.02 5.11 3.51 5.22 3.02
Tm 0.46 0.29 0.25 0.24 0. 32 0.79 0. 81 0.52 0. 82 0.43
Yb 2.87 1.52 2.29 1.27 1.62 1.72 5.08 3.10 5.14 2.57
Lu 0. 44 0.21 0.22 0.18 0.27 0.80 0.84 0. 50 0.86 0.42
REE 160.68  269.08  187.42  154.84  253.77  234.80  214.58  212.87  216.88  251.27
LREE/HREE  7.34 11.57 9.23 9. 36 10. 60 6. 48 5.83 7.86 5.32 91
dEu 0. 63 0. 50 0. 69 0.56 0. 50 0. 44 0. 44 0. 45 0.57 0.28
(La/Yb)y 6.50  21.00 10. 01 14.10 19.35 5. 61 1. 74 7.82 444 1133
D19—4 HLX—1 sHSJ—1 sHSW—1 ;D12—1,D38—4,D58—4,D59—1,D23— 1,
D23—4.D23—5,D54— 1, HXG—1,Di1—2 sHXY—1—1,HB—1,HHT—1,HY—1 ;

JCS—1.X]—1
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SHRIMP U-Pb
Table 2 SHRIMP U-Pb data of zircons of the granitoids from the Yunkai area

ZOGPbC U ’I‘h 232’I‘h/ 2OGI)b/238U 207I)b/2061)b 207I)bx— /ZOGI)b—* 207I)b* /235U 2061)})* /ZSSU

%) (1075)  (1076) 2387 (Ma) (Ma) +% +% +%
HXY—1—2.1 0.82 309 73 0. 24 468416 526140  0.05794+6.3 0.601+7.2  0.0753+3.5
HXY—1—3.1 0.43 265 97 0. 38 166+16 72959  0.063642.8  0.65844.6  0.075043.7
HXY—1—4.1 2. 46 311 61 0.20 461416 3454210  0.0534+9.3  0.546£9.9  0.074243.5
HXY—1—5.1 2. 00 251 110 0. 45 457416 1824280 0,049 7412 0.504413  0.073543.5
HXY—1—6.1 1.34 370 73 0.20 167416 3224130 0.0528%+5.7 0.54746.7 0.075143.5
HXY—1—7.1 1.98 397 72 0.19 462415 2584160 0.0514+6.9 0.527+7.8 0.074443.5
HXY—1—8. 1 1.31 398 92 0. 24 160+15 4614110 0.056 2£5.0  0.574%+6.1  0.074 043, 4
HXY—1—9.1 1.26 406 33 0.08 474416 4604110  0.0562+4.9  0.591+6.0  0.076343.4
HXY—1—10.1 1.07 409 68 0.17 482416 3904110  0.0545+4.7  0.583£5.8  0.077 643.4
HXY—1—11.1  0.61 632 90 0.15 50617 451460  0.0560+£2.7  0.630+£4.3  0.081643.4
HXY—1—12.1  5.87 230 42 0.19 485418 308440  0.0530%£19 0.574+20 0.0781£3.8
HXY—1—12.2  1.83 208 76 0.38 474+16 4004220  0.0547£9.9  0.575+E11  0.0763%3.6
HXY—1—13.1  0.22 640 73 0.12 490416 535440  0.058241.9  0.6331+3.9 0.0790£3.4
HXY—1—09.2 1.15 214 124 0. 60 992432 88086  0.068444.1 1.56945.4  0.1664£3.5
HXY—1—1.2 0.10 955 238 0.26 2343466 2524422 0.1666+1.3 10.0743.6  0.438+3.4
HXY—1—11.2  0.33 285 238 0. 86 1831455 1699424 0.1042+1.3  4.724+3.7 0.32943.5
HY—1—1.1 1. 94 347 106 0.31 457415 4474170 0.05594£7.7  0.566£8.5  0.073543.5
HY—1—2.1 1.70 371 88 0.25 452415 4444160  0.0558+7.2  0.558+8.0  0.0726+3.5
HY—1—3.1 1. 23 511 139 0.28 460+15 4744110 0.0566+£4.9  0.57746.0  0.074043.4
HY—1—4.1 2.01 417 87 0. 22 475+16 3304270  0.0530+12 0.560+£12  0.0765+3.5
HY—1—5.1 0.21 782 270 0. 36 59319 998230  0.072441.5  0.96243.7  0.096 4£3.4
HY—1—6.1 2.17 199 131 0. 68 474417 2265280  0.050 712 0.5334+13  0.0763£3.7
HY—1—6.2 1.08 604 190 0.32 475416 396468  0.054643.0 0.5764+4.6  0.076543.4
HY—1—7.1 0. 92 541 210 0.40 497417 367493  0.05394+4.1  0.5954+5.4  0.0801£3.6
HY—1-8.1 0. 88 473 186 0.41 163+15 482489  0.0568+4.0  0.5824+5.3  0.074443.4
HY—1—10.1 0.78 518 205 0.41 492416 58875  0.059643.4  0.65144.9 0.0793£3.4
HY—1—11.1 1.55 471 125 0.27 473416 3584140 0.0537+6.1 0.563£7.0 0.076143.4
HY—1—12.1 0. 89 457 31 0.07 477416 427495  0.0554+4.3  0.58645.5  0.076843.4
HY—1—13.1 0.33 831 248 0.31 467415 461449  0.0562+2.2  0.583+4.1 0.075243.4
HY—1—14.2 0. 60 734 63 0. 09 191+16 38663  0.054442.8  0.593Fk4.4  0.0792£3.4
HY—1—9.1 0.33 950 167 0.18 1060443  1001£23 0.07255+1.1 1.78744.5 0.1787+4.4
HY—1—11.2 0. 87 218 250 1.18 1183437 1092457  0.0759+2.8 2.108+4.5 0.201443.5
HY—1—14. 1 0.55 540 330 0.63 924429 805444  0.0660+2.1 1.4014+4.0 0.1541+3.4
HSW—1—1.2 1. 29 401 101 0.26 435415 4854130  0.0568+6.0 0.547+7.0  0.0698=+3.5
HSW—1—2. 1 1.57 120 64 0.16 427414 2164190  0.0505+8.2  0.476+8.9  0.0684+3.5
HSW—1—2.2 1. 44 291 72 0. 26 454415 1964+170  0.0571+7.8  0.575+8.5 0.073043.5
HSW—1—3.1 0.53 371 124 0. 35 432415 590488  0.059644.0 0.5704+5.3  0.0694+3.5
HSW—1—3.2 2.16 226 90 0. 41 418415 4884280  0.056 913 0.526413  0.067 1£3.6
HSW—1—5.1 0.91 561 120 0.22 431414 440494 0.0557+4.2  0.5314+5.4  0.069243.4
HSW—1—6. 1 0.88 285 60 0.22 443415 6062110  0.0601+5.2  0.589+6.3 0.071143.5
HSW—1—7.1 2.38 198 50 0. 26 146+16 4794240 0.056 7411 0.560+£12  0.0716+3.6
HSW—1—09. 1 1.75 148 51 0. 36 442418 560280  0.0588+13 0.576+14  0.0710+4.2
HSW—1—4.1 0.33 338 70 0.22 1041434 890493  0.0687x+4.5 1.6604+5.7 0.175243.5
HSW—1—6. 2 0. 32 282 163 0. 60 1175437 1213467 0.0807+3.4  2.2244.9  0.199943.5
HSW—1—7.2 0.11 1018 22 0. 02 1479454 20184260 0.1240£15 4.42415 0.258 04, 1
HSW—1—38.1 1.62 129 104 0. 84 429416 12534190 0.0823+9.5  0.782+10  0.0689+3.8
HSW—1—10.1  0.51 272 214 0. 81 1682451 1580443  0.097742.3  4.0244.2 0.298+3.5
HL—1—1.1 0. 30 304 145 0.49 185416 643466  0.061143.1 0.658%+4.7 0.0781£3.5
HL—1—1.2 0. 52 267 42 0.16 428417 62679  0.060643.6 0.57445.5  0.068744.0
HL—1—2.1 1.16 269 49 0.19 427415 5134170  0.0576+7.5 0.5444+8.3  0.0685%3.6
HL—1—4.1 2.37 291 54 0.19 418414 1444270 0.048 9412 0.452+12  0.0670+3.6
HL—1—5.1 1. 59 308 72 0. 24 406414 362170  0.0538%7.6  0.4831+8.4  0.0651£3.6
HL—1—6.1 1.24 461 56 0.13 431414 3814130 0.05424+5.8  0.51746.7 0.0691+3.4
HL—1—7.1 2.14 247 102 0.43 405414 136£310  0.048 7£13 0.436+14  0.0648%+3.6
HL—1-8.1 2. 66 226 90 0.41 421415 2584280  0.0514412 0.478413  0.0674%£3.6
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206PbC U ’I‘h 232 Th/ ZOGPb/ZSSU 207Pb/206Pb 207Pb* /ZOGPb* 207Pb* /235U 206Pb* /ZSSU
(%) Q0% (10 % =y (Ma) (Ma) +% +% +%
HL—1—09.1 1. 14 395 151 0. 39 426+14 4474120 0. 055945 4 0.526+6.4 0.068343.5
HL—1—10.1 2.04 231 115 0.51 400+14 4694260 0. 056 4412 0.498+12 0.064 043.6
HL—1—11.1 1.58 273 81 0. 31 40014 3404270 0. 0533412 0.470£13 0.0640%3.6
HL—1—13.1 0.78 330 102 0. 32 420+14 550466 0.0585+3.0 0.543+4.6 0.067 243.5
HL—1—13.2 0. 83 550 107 0. 20 451415 475491 0.056 6+4.1 0.565+£5.4 0.0724%3.5
HL—1—3.1 0.07 463 235 0.52 2405£73 2483£10 0.1626240.60 10.140£3.7 0.4520%3.6
HL—1—14.1 0. 60 434 313 0.75 1325+41 2492417 0.1635+1.0 5.1443.5 0.228243.4
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