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Fig.1 Geological sketch map of Nanyue granitic pluton

1—Cretaceous;2—Jurassic;3—Devonian—Permian;4—Nanhuaian;5—Neo—proterozoic;6—Early Cretaceous monzonitic

granite;7—Late Triassic first monzonitic granite;8—Late Triassic second monzonitic granite;

9—Late Triassic third monzonitic granite; 10—Geological boundary;11—Uncomformity;12—fault;

13—Ductile shear zone;14—Sampling location and serial number
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Fig.2 Cathodoluminescence images of zircons
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Table 1 LA-ICP-MS zircon U- Th-Pb analytical data

HE/N0° [F) fir 3 LU AR b /Ma
I 2 . 27py, 27py, 206py, 28y 207py, 27py, 206py, 208y
Pb T u 2W6py, o 2355 o 23815 Y X lo 206py) lo 2355 lo 2385 lo 2821, lo

Z1-1 639 8948 21548
Z12 833 6762 18732
Z1-3 593 7014 19520
Z14 472 7055 13684
Z1-5 521 4779 18649
Z1-6 332 4157 12450
Z1-7 568 3913 22337
71-8 544 5823 16698
Z19 315 1502 7911
Z1-10 421 3312 22031
Z1-11 239 3580 8548
Z1-12 1220 18309 2659.8
Z1-13 149 1759 3431

Z1-14 242 2561 5969

0.05074 0.00015 0.24022 0.00214 0.03432 0.00028 0.00037 0.00010 2278 09 2186 1.7 2176 1.7 74 21
0.05317 0.00021 0.24982 0.00214 0.03411 0.00028 0.00044 0.00013 3445 93 2264 17 2162 1.8 89 25
0.05163 0.00015 0.24315 0.00250 0.03418 0.00035 0.00053 0.00015 3334 74 2210 20 2167 22 107 3.1
0.05068 0.00017 0.23561 0.00220 0.03375 0.00032 0.00076 0.00023 2334 74 2148 1.8 2140 20 155 47
0.05117 0.00016 0.24128 0.00309 0.03418 0.00041 0.00083 0.00026 2556 74 2195 25 2167 26 168 52
0.05097 0.00024 0.23492 0.00381 0.03346 0.00054 0.00079 0.00025 2390 11.1 2143 3.1 2122 34 160 5.1
0.05169 0.00016 0.24111 0.00272 0.03384 0.00038 0.00111 0.00035 2723 74 2193 22 2145 24 224 71
0.05182 0.00019 0.24710 0.00309 0.03459 0.00042 0.00091 0.00025 276.0 -23.1 2242 25 2192 26 184 5.0
0.05178 0.00024 0.24315 0.00351 0.03407 0.00047 0.00150 0.00039 2760 11.1 2210 29 2159 29 304 738
0.05109 0.00015 0.23680 0.00299 0.03362 0.00042 0.00107 0.00026 2556 56 2158 25 2132 26 215 52
0.05072 0.00029 0.23142 0.00392 0.03312 0.00054 0.00106 0.00025 2278 130 2114 32 2100 34 214 5.0
0.05302 0.00017 0.24518 0.00390 0.03357 0.00055 0.00088 0.00021 3278 120 2227 32 2129 34 178 43
0.05066 0.00030 0.23316 0.00288 0.03341 0.00038 0.00112 0.00030 2334 130 212.8 24 2119 24 226 6.1

0.05355 0.00035 0.25694 0.00378 0.03489 0.00051 0.00115 0.00033 3538 120 2322 3.1 221.1 32 233 6.6

73-1 100 2311 5767
732 175 889 16618
733 232 4755 12725
734 169 296 16612
735 169 2480 11239
736 102 2078 5387
737 83 420 5829
73-8 294 127 32182
739 1395 46396 2823.0
Z3-10 98 2187 6240
Z3-11 99 434 7321
Z3-12 328 208 31104
Z3-13 344 1537 34106
Z3-14 136 1420 1000.6
Z3-15 512 1229 40726
73-16 82 393 9016
7Z3-17 199 4360 1037.1

0.04910 0.00014 0.14930 0.00196 0.02205
0.04890 0.00018 0.14875 0.00197 0.02207
0.04852 0.00026 0.14759 0.00208 0.02204
0.04694 0.00026 0.14516 0.00176 0.02245
0.04830 0.00011 0.14884 0.00179 0.02235
0.04928 0.00012 0.15072 0.00183 0.02219
0.04756 0.00020 0.14501 0.00185 0.02211
0.04814 0.00020 0.14780 0.00170 0.02229
0.05107 0.00013 0.15275 0.00184 0.02170
0.04861 0.00013 0.14918 0.00181 0.02227

0.04824 0.00017 0.14669 0.00154 0.02205 0.00022 0.00258 0.00058
0.04885 0.00019 0.14658 0.00120 0.02176 0.00016 0.00077 0.00022

0.04811 0.00023 0.14317 0.00169 0.02159 0.00023 0.00117 0.00019 1056 83 1359 1.5 1377 1.5 236 38
0.04917 0.00016 0.14599 0.00169 0.02154 0.00024 0.00171 0.00039 1668 74 1384 15 1374 15 346 78
0.04834 0.00014 0.14710 0.00174 0.02206 0.00025 0.00091 0.00024 1223 74 1393 15 1407 1.6 183 438
0.00028 0.00482 0.00186 153.8 102 1413 1.7 1406 1.8 971 374
0.00029 0.00082 0.00037 1427 250 140.8 1.7 1407 1.8 165 75
0.00027 0.00082 0.00045 1242 389 139.8 1.8 1405 1.7 166 9.1
0.00025 0.00368 0.00100 557 13.0 1376 1.6 1431 1.6 742 202
0.00026 0.01433 0.00491 1223 56 1409 1.6 1425 1.6 2877 979
0.00027 0.00133 0.00024 1612 74 1426 1.6 1415 1.7 269 48
0.00026 0.00123 0.00021 760 4.6 1375 1.6 1410 1.7 248 43
0.00025 0.00407 0.00070 105.6 139 1400 1.5 1421 1.6 820 140
0.00026 0.00893 0.00161 2427 56 1443 1.6 1384 1.6 179.7 322
0.00027 0.00247 0.00043 1279 380 1412 1.6 1420 1.7 499 8.6
0.04833 0.00016 0.14637 0.00191 0.02196 0.00028 0.00141 0.00025 1223 74 1387 1.7 1401 1.7 285 5.0
0.05151 0.00025 0.15737 0.00119 0.02223 0.00019 0.00230 0.00044 2649 11.1 1484 1.0 1417 12 463 89

1223 93 1390 14 1406 1.4 521 118
1390 93 1389 1.1 1388 1.0 155 44
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Table 2 Major elements, trace elements and REE analytical data

e = F AP RPERE ()

KRS

FEER S KN

ZHTH
Z1 DI2-2 DI3 DI4 DO0010 D0013 D9 D9-3 D0003-4 D0004 Z3  D3-4 DO0009 DO0007 DO008-1

SiO, 7216 6862 6728 6734 7363 6856 7345 7322 7389 7302 744 7339 7419 7449 7391

TiO, 029 044 048 055 019 0.48 017 021 0.24 0.27 015 024 021 0.15 0.12

ALOs 1522 1582 1647 1594 1459 16.09 1509 1456 1479 1482 1465 1455 1507 1489 1551

Fe,05 067 078 057 0.7 0.25 0.52 024 031 0.24 0.57 028 039 026 0.38 0.40

x FeO 1.58 226 274 298 1.8 295 131 139 1.69 1.67 1.07 138 1.65 1.16 1.24
& MnO 007 007 008 0.08 0.03 0.06 0.05  0.06 0.03 0.03 006 005 003 0.03 0.02
JG MgO 091 149 167 179 044 1.55 039 045 0.46 0.41 033 045 041 0.36 0.33
ES CaO 1.67 33 356 338 1.00 3.29 083 113 0.87 0.88 086 1.03 0.7 0.78 0.92
% NaO 268 337 3.7 336 248 3.13 271 292 232 221 290 276 223 2.51 2.10
K0 467 370 331 373 543 323 563 555 541 5.99 515 568 514 5.06 5.14

P,Os 009 0.3 014 015 0.16 0.14 012 019 0.06 0.13 0.15 007 0.11 0.18 0.32

JSES 1.14 039 043 045 054 0.46 090 048 0.82 0.76 059 070 032 0.84 0.98

A 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

La 174 266 368 404 395 420 285 434 512 68.8 260 453 343 225 12.7

Ce 430 527 768 800 823 81.9 533 856 94.7 132 447 937 750 39.9 269

Pr 373 546 712 820 915 8.14 6.54 101 11.0 15.6 580 101 791 5.14 324

Nd 127 188 240 278 306 264 228 369 36.8 526 209 344 267 17.4 11.4

Sm 284 379 426 479 59 481 440 724 6.93 8.68 450 659 485 3.86 334

Eu 053 095 091 088 0.60 0.85 040  0.64 091 0.78 042 075 051 0.47 0.30

Gd 240 339 348 398 413 438 294 466 4.44 4.84 299 405 3.64 3.15 3.83

i Tb 037 050 058 056 049 0.67 038  0.63 043 0.51 043 045 044 0.41 0.71
+ Dy 227 291 332 302 213 4.11 1.68 247 1.57 2.03 1.84 146 195 1.94 4.26
7t Ho 044 054 067 055 032 0.80 025 035 0.20 0.32 028 020 029 0.30 0.70
= Er 147 173 203 1.66 0.68 223 0.66  1.08 0.44 0.73 075 054 063 0.67 1.71
N0° Tm 021 021 029 022 0.10 0.36 006 0.13 0.06 0.12 008 0.06 0.09 0.10 0.25
Yb 147 143 198 135 062 229 046 076 0.45 0.79 061 038 057 0.63 1.44

Lu 023 019 030 019 0.09 0.34 0.07  0.10 0.07 0.11 008 005 008 0.09 0.20

Y 117 164 208 168 853 229 6.61 11.4 5.50 8.66 826 564 742 8.58 21.9
ZREE 100.76 1356 18334 1904 18517 202.17 129.05 2055 21472 29656 117.64 203.7 16438 105.13 92.88
2Ce/ZY 390 397 448 572 9.84 431 884 852 1530 1539 668 1487 9.88 5.63 1.65
(La/'Yby  7.03  11.04 11.04 17.77 3777 1089 3679 3391 67.11 51.71 2531 7078 36.05 21.24 5.24

d Eu 066 087 077 066 038 0.61 035 034 0.51 0.36 036 045 039 0.43 0.28

Sc 651 977 943 103 279 9011 285 387 2.81 4.80 411 327 357 375 497

\% 261 419 467 584 114 53.1 949 104 10.9 152 570 99 129 597 222

Cr 220 396 458 491 167 338 826 816 791 797 634 870 114 7.57 6.45

Ni 937 207 213 276 104 19.8 339 408 292 299 254 320 389 323 2.76

Cu 127 238 168 202 181 19.1 497 188 7.15 15.1 432 563 125 16.1 10.8

Zn 384 532 547 666  66.1 60.2 519 698 729 71.8 489 621 711 48.0 41.0

{73 Sr 122 219 224 210 674 208 509 590 112 939 431 105 711 67.7 525
& Co 502 885 952 116 506 10.2 251 271 3.14 3.81 151 281 378 1.97 1.49
Tt Rb 339 206 264 295 356 227 448 530 388 384 442 458 401 216 313
ES Zr 964 161 240 208 112 180 111 127 126 172 900 175 120 555 63.5
Nno® Nb 9.06 832 119 108 149 14.5 147 181 10.4 14.7 134 812 17 113 20.1
Ta 1.67 094 137 102 3.03 327 1.74 325 1.26 4.01 191 055 326 2.76 312

Pb 635 422 458 385 555 458 593 553 659 67.8 444 655 571 485 51.1

Th 252 188 226 282 252 21.3 255 337 348 46.4 184 343 284 12.0 7.51

U 390 373 416 403 582 3.19 434 473 3.96 6.26 412 436 453 2.61 5.88

Ga 181 196 216 221 226 21.4 225 273 222 21.4 273 216 249 24.4 30.4

Hf 304 417 617 551 495 3.16 361 451 5.75 1.91 324 515 412 2.56 3.10

Ba 274 576 635 490 293 271 87.9

TE A AR ECR SRR B B R S 2% 43 b B

:Ba A Z AR R LR A Il

A oAy R R 5 9 6 0 3 oy 5 W U v 32 A O 3R IR 0 —XRE 20 i, 76 X ZO6 6% Pw4400 5%

B TR B IR AR B T (X —series) | 58 %,
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%3 mETENS Rb-Sr & Sm-Nd FEIZHRK
Table 3 Rb-Sr and Sm—Nd isotope compositions of Nanyue granites
5 BES R RWI0° Ssy10° RSt Fsy®sr 2o Eyr I
1 Z1 216 149 99.1 4.356 0.731772 14 12771 0.7184
2 D22 216 111 139 2.305 0.723876 15 29.58  0.7093
3 DI3 216 111 139 2.305 0.723876 15 17452 0.7158
4  Dl4 216 142 127 3.236 0.725198 15 160.47  0.7153
5 D9 216 343 57.3 17.396 0.753813 13 -4951.79  0.7189
6 D93 216 293 485 17.576 0.760923 15 3014 0.7105
7 73 140 330 433 22.161 0.762548 14 13823 0.7185
8  D3-4 140 261 87.5 8.664 0.743857 14 169.46  0.7172
g smv/10° Nd/10° Sm/™INd "PNd/M™Nd - 26 ™NAMINd () eyg (0 TowWMa  TMa
12395 10912  0.1327 0512074 7 0.51189 9.24 2018 1742
2 3477 17507 0.201  0.512127 12 0.51196 -7.86 1662 1631
33566 19562 01103 0512104 5 0.51195 -8.04 1539 1645
4 4032 22726  0.1073 0.5121 9 0.51177 -8.04 1502 1645
5 4752 26158  0.1099  0.511945 7 0.51179 -11.13 1765 1896
6 6423 33254  0.1168  0.511966 8 0.5118 -10.91 1857 1878
7 4567 21568  0.1281  0.511992 9 0.51187 41138 2055 1854
8 6495 34293 01146  0.511952 5 0.51179 1112 1837 1895
Wen (0. &s () Js A Topy T EARBRIIEFILIE (1999)09, HHE SR =420 Ma, (**Nd/™Nd)
an =0.512638, (Sm/MNd)aue =0.1967, (7Sr/*Sr)ue =0.7045, ('Sm/"*Nd)oe =0.118, (Sm/"“Nd)py =
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Fig.11 Diagrams for discrimination of structural environment of Nanyue granites (after Maniar and Piccoli, 1989P")

IAG—Island—arc granite; RRG—Granite related to rift; CAG—Continent—arc granite; CEUG—Continent emerge—uplift granite;

CCG—Continent—collision granite; POG—Post—orogenic granite
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LA-ICP-MS zircon U-Pb age and geochemical characteristics of Nanyue
granites in Hunan Province

MA Tie—qiu, LI Bin, CHEN Yan—ming, ZHOU Ke—jun, CHA Jian—zhang

(Hunan Institute of Geological Survey, Changsha 410011, Hunan, China)

Abstract: Located in Hengshan of Hunan Province, Nanyue complex pluton intruded in the Neoproterozoic
Lengjiaxi Group. The LA—ICP MS zircon U—Pb ages indicate that the main pluton was formed in the Triassic
with a weighted mean age of 215.5+1.5 Ma. However, some small granitic plutons were formed in the early
Cretaceous with a ™Pb/*U age of 140.6+0.8 Ma. The late Triassic granites are composed of three individual
rock units, being mainly fine — and medium —grained porphyritic hornblende biotite monzonitic granite and
surbordinately two—mica monzonitic granite. The early Cretaceous granite is two—mica monzonitic granite. The
major and trace element analyses show that the late Triassic granites are of the peraluminous high—K calc—alkaline
series, while the early Cretaceous granite is of the high—peraluminous high—K calc—alkaline series. The rocks are
enriched in large—ion lithophile elements and depleted in high field—strength elements, with the data > REE=
92.88—296.56 and weak negative Eu anomaly (4 Eu=0.28—0.87). The Sr—Nd isotope analyses indicate high ISr
values (0.7093—0.7189), low &ng values (—8.04——11.38) and high Topy values (1.63 Ga—1.90 Ga). The results
obtained by the authors show that the Nanyue muscovite —bearing peraluminous granitoids were derived from
remelting of Precambrian basement, the magma source of late Triassic granites had the mixed mantle and lower
crust materials, and the lithogenesis was related to the lithospheric extension after the orogenesis.

Key words: granite; zircon U—Pb age; LA-ICP—MS,; geochemistry; Nanyue
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