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Fig. 1 Geographic position and geological sketch map of Wutuan pluton
1—Granite; 2—Geological boundary; 3—Unconformity; 4—Fault; S—Location and serial number of zircon SHRIMP U—Pb dating sample; D,;y—Early

Devonian Yuankou Formation; e—Cambrian; Nh—Z—Nanhuan—Sinian; Qb—Gaojian Group of Qingbaikouan System; 7yT;'—Fine—medium—grained

porphyritic biotite monzogranite; 7yT;"—Coarse—medium—grained porphyritic biotite monzogranite; 7yT;*~Medium—fine—grained biotite—

dimicaceous monzogranite; 5yT;'~Fine—grained dimicaceous monzogranite

http://geochina.cgs.gov.cn H1E LT, 2014, 41(6)



2004 r 5|

b J 20144F

PR o TR IR . SR B 5 L i SR
I WATRG ARG, BlA I A — R e
AR SR A S AR S LA B R, HAZ
HYeRA5E , RO S AN LT

H A ACA A A Bt KA KA A
SR TRKAER S . R R AR Z A OC R A1k
LA G5 F DA A BRI~ R AE A mT R 43
FANMRABIR(E 1), B 52 BRI R A ok Rk
Bt KR A (gyTy) MARBRIR B b K
WA (gyTs) P AR R B K ALK A (gyTs)
AR — = B R AR A (ny D)), DA — IR IR A
B (nyTs) k. AR AR Z 0 £ 2 k5
RS, 5 I SR AR, DR AR
HLERIMNEFERARIRA IS, RH4 M2 A
R Rl — B Be s K F ) . AT 2
KA1 (32%~44% ) FHEAT (23%~40% ) A1 HE (22%~
35% ) FIPR = BF (4%~8% ) , B A7 AARAES L (nyTs)
W EH (YT Ao bl BRI ALK AR
KA1 (An {H 29~36) FEPEFE & B 0 5 T 48 06 9 Ik A6
B (AnfE 20~31).

R R AUCAER N & B I okl ik 2
W IELR, RN BT K, 32 IR Ak
R BER A IN A B A RN A . REB kS %
FRRALBEE ANBELEXR, P EUANZGHE
BRI BN . AR N B K A AR
RRRIE R AR TR S A K RITIR AR
e A7/
2 Mk

AP 2 T % W L AL A AR A R BRR R s R
KAE K A FE S LR 2 60 H LU R 5 47T A T 40167
Ve, FFRUE B TPk A L A A s
Ao RS A RE S S hREES A RS TEM (AR
417 Ma) K7€ — 2 IV E R EURTRERE S A, (5145 )5
FTEEIE , SR J5 1E AT 0] WG FN B4R &% B i 540
B B MBI & RRAEAE T TR 2 e = 9%
TERH 5% P L AR AR = 58 . 547 SHRIMP U—
Pb /T 7EJL 5L F444T Ht SHRIMP 1T 52 AL, 43
Hr R PR AT A2 WL Compston 252 Williams 252 76K}
I FHFRAESS 47 TEM (417 Ma) JE47 70 £ 8] 1 43 1R
1Eo —IRKE T3 O 53RN 5~8 nA, —IKE TR HK

BEE AR 25~30wm, B I E B, 75508 R 46 A
O X R i e 1 HEA T I PR A IR E] Ry 120~180 s, i
ALPESRFH Ludwig 18145 19 SQUID1.0 J ISOPLOT
PRS2, S AR PRSI P 1A THE IE

FRICE R ICE AR 0K R gE
BA T M PO I E o R A R AR EE 200 H S
Ko FEICEKR COR KR E % HO K&
TRV B TR W — kA At SR AR 35 R
X SR 2661 i (XRF) 4347 5 B di >R JE K P9 il
FRERAE R0 o B TR 4 IR XS 4ot
T (XRF) | HUBHE & 45 8 TR B (ICP-MS) |
JF T EIEE (AFS) & S 6k (BS) 4 )7 i
2 5 B W Mo SR FHBR VS 1500 2 b, HoAth il T £ 34
KBRS R E o W 02 R R A S 1
RS (ICP—MS ) AT, BE A AL BER BRI

Rb—Sr 1 Sm—Nd [F] 43 2 I i 2 D o ™ 7
WFFE T R0 28 2 58 1, A3 BT BRREAE ol i 22 200 H .

Rb— Sr [d] £ 2 M =2 : R H &+ W 5
(Dowex50x8) A4 k43 B A alifb dn B8, AL 2 ot
TEAY MAT261 7387 Rb ., Sr [5f57 2 40 1%, FH R 7 2 F
PR T A AR BRI 2 LA,
GBWO04411 .NBS607 F1 NBS987 b 14 Ji 73 51l %k 43+
Bt B A AR HEA T W45 s 2 Ui FE Rb St s H 4331
0.4x107° g f10.8x107°g.,

Sm—Nd [F] {37 2 4347 : BUMA “Nd+"**Sm 5 Fi
TR AN B0 BOAE S 45 103, DASHURR Al vy 51
PR V757 5 FH Dowe50x8 FH B T3S g A 743 85 il
glifl, T REF BAE BT SmUNd B T A
BT s AR TS0 (A7 2 2L 507 A LK BUR AR HE 43
2 Aalifb Nd LUH T Nd [ 2 FCAE 2081 Sm . Nd
Fr NG [ 2R A3 538 >R FH AR FEL g I A
Triton 5 i, Sm Nd & & 2R F [ 2 7 Bk A =0T
BF], H GBW04419 1 ZkbzNd (IMC) b #E4) i
X AT R A A A T M o TR Nd . Sm %5
SR 1x107°g F110.7x 10 g,

3 EESHRIMP  U—Pb Al %

JIT o3 BT (0 885 47 U—Pb [A] 7 R A 5 (D0052) &%
H AR R PR BRR B w1 K ek . 3
W5 13 gk 4 U—-Pb [ =500 (£ 1. E3) . oy
BrEs A & W B R AR, IR OGR4 o

http://geochina.cgs.gov.cn H1E LT, 2014, 41(6)



418 6l

FEE TE 45 - TP R B SO L AT AR RS 41 SHRIMP U-Ph 4R HIERIL 2R 1iE SOE

;HQE

H 2005

xR EZBKEN

EHEG(D0052) H$5A SHRIMP U-Pb R E A &R

Table 1 U—Pb isotope composition of zircons in the biotite monzogranite sample from Wutuan pluton as measured by SHRIMP

oo Th ZSZTh ZOGPb* ZOGPb/ZSSU 207Pb/206Pb 207Pb*/ 207 */ ZUGPb*/
s %00 oy 10 (Ma) (Ma) oyt Ty om0
11 007 2325 974 043 721 4400 95 508 19 00574 09 05592 24 00706 22
21 007 3476 461 0.4 765 2213 43 276 27 00518 12 02494 23 00349 20
3.1 008 3238 388 0.2 445 2196 43 257 30 00514 13 02454 24 00347 20
41 012 1334 271 021 891 2178 44 315 34 00527 15 02496 25 00344 20
5.1 0.60 579 329 059 463 2205 45 317 90 00527 40 02529 45 00348 21
6.1 052 3740 614 0.7 764 2283 £50 373 43 00541 19 02687 29 00361 22
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Fig.2 Cathodoluminescence images of zircons from biotite
monzogranite (sample D0052)
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Table 2 Petrochemical components of granites in Indosinian Wutuan pluton (% )
. K
[EaR= % Si0, TiO, ALO; FeyO; FeO MnO MgO CaO NaO KO P0Os €O, H0" Sl ASI ANK ALK Of A/MF
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R3 DX AAERMEBTESTER (10°) REXSH

Table 3 Trace elements analyses of Indosinian Wutuan granites(10°°)
ke 5 Sr Ba Th U Ta Nb 7r Hf Rb Cs Li B F Cl Sc

CB1071 pyT:* 100 298 96 122 120 66 441 21 390 235 443 92 246 122 2.90
CB504 pyTs* 335 338 181 104 348 159 873 28 341 505 567 241 222 320 473
CB1068 Ty 47.6 221 198 82 29 124 828 3.1 337 522 163 185 619 286  4.50
CB500 myTs° 597 290 235 162 289 135 107 34 302 430 137 130 568 321 5.62

CB496  pyTs° 57 353 281 1.1 258 154 126 37 284 490 123 344 643 438 7.03
HXW2 T 822 313 426 63 1.59 145 141 47 224 415 991 145 49 242  6.39
CB1102 T 418 232 311 76 350 193 117 39 401 358 117 193 831 293 5.00

CBI1057 ppTy® 513 316 284 73 241 154 121 40 394 402 106 115 930 350 4.0
CB551  pyTy® 469 422 222 27 266 132 967 30 383 341 123 245 371 321 463
HXWI T 796 436 272 46 225 146 149 50 246 297 987 59 641 442 831
CB550 mpyT5* 379 251 270 54 407 170 114 43 336 587 930 690 536 381 701
CB489 mpyT5* 625 532 247 48 217 143 144 39 250 338 877 541 471 547 7171
CBI105 myT5* 737 263 245 74 200 130 129 46 309 458 744 71 826 511 650
CB1090 pyT5" 761 395 314 73 260 139 135 49 321 455 938 122 969 245 590
CBI1028 yT5" 806 372 290 33 200 132 140 48 298 270 109 66 800 240 680
CBI1051 ppT5" 784 355 217 60 240 130 138 50 307 399 913 50 795 264 7.0
CBI1085 yT5" 81.0 405 250 44 230 118 136 48 291 439 101 43 674 267 690
FES 0% Be  Cr Co Ni \ W Sn Mo Bi Cu Pb Zn Sb Rb/Sr La/Sm

CB1071 mTs 36 198 17 425 73 340 127 45 069 916 629 512 400 3900 289

CB504 m’Tzd 57 236 2.8 16.5 123 835 206 76 364 337 528 513 254 1018 580

CB1068 MT:* 39 121 33 10.1 212 200 179 59 229 306 457 430 0838 7.08 5.03

CB500 T 52 220 41 121 221 532 182 77 435 258 436 409 115 506 587

CB496  mT 64 256 54 14.1 326 155 159 87 429 298 466 529 127 498 5.58

HxXw2 mT 53 209 66 109 331 152 95 43 061 166 456 472 124 270 627

CBI1102 Wst 44 134 4.0 135 272 440 126 76 169 222 366 530 054 959 4.58

CB1057 'WTxb 30 120 39 133 291 190 142 48 599 334 900 878 056 768 4.55

CBssl Ty 30 289 43 194 183 2950 178 94 254 350 978 575 296 817 6.7

HXw1 T 53 227 80 119 418 1382 114 42 377 371 484 725 1133 309 672

CB550 mTs" 48 257 52 142 284 101 182 64 184 353 440 445 221 887 473

CB489  mTs" 37 242 7.6 163 348 313 126 59 142 291 442 585 1.17  4.00 6.54

CB1105 T 41 169 58 127 386 230 141 49 153 128 388 593 071 4.19 535

CB1090 mTs" 60 283 61 179 372 120 110 89 159 619 427 579 120 422 609

CB1028  mTs" 60 240 6.5 183 443 1.30 9.1 47 09 299 425 592 081 3.70 533

CB1051 mTs" 41 184 6.3 150 408 0381 134 38 059 512 433 550 038l 392 533

CB1085 mT5" 43 181 6.5 144 444 081 106 35 169 239 406 599 052 359 545

0 eNd(t ) eSr(t ) s taond T PATTIE AT B HOR  /=220Ma; (““Nd/“*Nd)anr=0.512638 , (“’Sm/*“Nd)cuun=0.1967 ,

(“'Sr/*Sr)u=0.7045 , (*'Sm/*Nd)ec=0.118, (“’Sm/*“Nd)p=0.2137,, (“*Nd/"““Nd)os=0.513151, As=6.54x10 "a ', A=1.42x10 "2, %

Borb R AR A & L UR—RIAM 21— %4 ; CHUR - BRBLIR AT 24— %12 s DM— 7545 il ; CC— KRl
FIX o @RIEEN R AL A NI B (on) T 7 Low 2 1E 1.22~1.76 Ga™, H1 10T UL, B 523 i ]
BN 1.8~2.4 Ga™* JLJR R £ BAE 1.7~2.7  FRAPIBBENd BEARIE (1.78~1.79 Ga) 53EJE
Ga™; WA R M X EL g Wy oM A B F a1 e b sbae—3k, I0Aa BT H M 9 SO A B3 - e e
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Fig.7 Primitive mantle-normalized trace element spider

diagram for Indosinian Wutuan granites
(primitive mantle data after Sun et al., 1989")

(%18 EJ S . ATA A - on L BRR B A AR i AL B 43 TR
(i B5 A1 [ % Taylor et al., 1985°)
Fig.8 Chondrite-normalized REE patterns of Indosinian
Wutuan granites(chondrite data after Taylor et al., 1985°)

x4 EXHAAEGH L AZSHER (10 ) REXSH
Table 4 REE values of Indosinian Wutuan granites (10 °)

S 4% 1a Ce Pr Nd Sm Eu Gd Tb Dy Ho FEr Tm Yb Lu Y 3ZREE =Ce/XY (La/Yby 6Eu
CBI1071 yTs® 881 16.56 3.37 1238 3.05 0.17 3.04 064 433 090 275 045 322 049 2419 844 111 181 017
CB504 myTs® 19.14 37.69 4.51 1479 33 037 304 045 243 040 1.03 0.15 093 0.14 972 981 436 1359 035
CBI1068 nyTs° 20.94 40.52 4.99 18.19 4.16 043 3.89 068 4.12 0.79 227 036 238 038 21.50 1256 245 581 032
CB500 nyTs° 2842 53.57 7.24 2328 4.84 0.53 435 0.74 424 078 2.12 035 2.10 032 2040 1533 333 894 035
CB496  nyTs° 31.34 60.73 7.46 2728 562 0.55 5.17 0.82 460 0.86 228 037 227 033 2216 171.8 3.42 912 031
HXW2  pTs® 3591 80.53 843 3042 573 0.82 540 0.75 4.03 0.75 1.87 029 175 025 19.59 1965 467 1353 045
CBI102 myTs® 2597 5246 7.59 279 567 049 472 073 392 069 1.79 026 150 023 17.60 151.5 382 1143 028
CBI1057 myTs® 27.59 60.66 7.89 29.26 6.06 0.54 496 0.77 399 0.72 1.80 026 161 024 1796 1643 409 1132 029
CB551  nyTs® 24.07 4588 565 1936 39 0.58 3.10 043 236 043 1.10 0.17 104 0.15 976 1180 536 1528 050
HXWI1  pTs" 43.10 8537 9.94 3663 641 102 608 090 427 081 240 041 245 033 2278 2229 451 1163 050
CB550 nyTs" 22.62 4681 62 2155 478 0.56 4.18 0.68 371 067 1.86 030 195 030 1534 131.5  3.54 766 038
CB489  nyT;" 34.03 63.28 7.88 27.07 52 074 432 063 335 063 1.74 028 171 026 1492 1660 496 1314 047
CBI1105 nyT5* 30.75 6042 7.49 2828 575 072 482 08 428 078 2.02 032 187 028 2024 1688 377 1086 04l
CBI1090 nyT5* 39.92 80.98 9.98 3532 655 0.74 477 069 345 064 165 026 154 025 1564 2024 601 1712 039
CBI1028 pyTs" 29.47 6023 7.25 2654 553 0.87 458 0.74 398 0.76 2.05 032 195 031 1887 1635 3.87 998 0.2
CBI051 myTs" 3046 625 7.78 28.61 572 072 474 073 428 0.82 2.30 036 228 0.36 2097 1726  3.69 882 04l
CBI1085 nyTs" 31.45 63.89 7.85 2827 5.77 079 4.87 0.78 423 0.81 221 034 213 034 2079 1745 3.78 975 045
ILAFE IR W K es(1)=194~236, 7R a2 b | Eise

Allégre 8 Hi 1 i Fres(OE R T 0, Fe e [al 7 %
Ep | e R RGN R RRRL A A P, T

ppe Ly oplg

RV A et . ik 7 C/MF—A/
MF B (] 10) X b L 1T o — Ak, B e
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x5 XA FEESC NAREEARREEXSHITE

Table 5 Sr and Nd isotope compositions of granites in Indosinian Wutuan pluton

FEm S Rb (u g/g) Sr(u g/g) 8Rb/*Sr 87Sr/%Sr ese(t) Ist
HXW1 294.8 82.93 0.75033+0.00007 194 0.71813
HXW2 291.9 91.85 0.74989+0.00002 236 0.72110
FEfm S Sm (u g/g) Nd (u g/g) s m/*Nd NN exa(t) trom(Ga)
HXW1 5.408 28.13 0.1163 0.5120250.000005 -9.70 178
HXW2 5.680 29.10 0.1181 0.512024 +0.000005 -9.78 1.79
+10} B
TERERE T
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: — 4
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IR TRITE R 5 S—AERT S BUAE G # (H ) B 9255, 19901)
Fig. 9 e&s (f)—ena(?) diagram for Indosinian Wutuan granites
I—I—type granite of South China; S—S—type granite of South
China, (after Liu Changshi et al., 1990"*')
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Fig.10 C/MF—A/MF diagram of Wutuan granites (after Alther
et al., 2000"Y; symbols as for Fig. 4)
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Fig.11 CaO/Na,0—ALO,/TiO; diagram of Indosinian
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Zircon SHRIMP U—Pb age, geochemistry and tectonic setting of Indosinian
Wutuan pluton in southwestern Hunan Province

BAI Dao—yuan, CHEN Bi—he, ZHONG Xiang, JIA Peng—yuan, XIONG Xiong

(Hunan Institute of Geological Survey, Changsha 410016, Hunan, China)

Abstract: The Wutuan granitic pluton in southwestern Hunan is mainly composed of biotite monzogranite and dimicaceous
monzogranite. U - Pb zircon dating of a biotite monzogranite sample was carried out, and analyses of 9 zircon grains yielded an
average age of (220.5+4.4)Ma, which indicates that the granites were formed in middle Late Triassic. The rocks are silicon—high
(S10,=70.64%~75.32%, 72.33% on average), aluminum—rich (ALOs=13.24%~16.37%, 14.47% on average), potassium—high (K,O=
4.27%~6.66%, 5.10% on average) and alkali—moderate (Na,O+K,0=6.71%~8.46%, 7.65% on average) ones, with K,O/Na,O ratios
being 1.54~5.34 (2.23 on average) and ASI value being 1.24 on average, thus belonging to ferric, high—K calc—alkaline series and
shoshonite series perluminous granitoids. Ba, Nb, Sr, P and Ti are pronouncedly depleted, while Rb, (Th+U+K), (La+Ce), Nd, (Zr+
Hf+Sm) and (Y+Yb+Lu) are comparatively concentrated. The rocks have low SREE values of 84.35~222.90ug/g (156.81ug/g on
average), 6Eu values of 0.17~0.52 (0.39 on average), (La/Yb)x values of 1.81~17.12 (10.57 on average), Is. values of 0.71813~
0.72110, es(f) values of 193.5~235.6, exs(f) values of —9.78~—9.70 and tom ages of 1.78~1.79 Ga. The C/MF— A/MF diagram
indicates that the granites were derived from mudstones and clastic rocks. Al,O/TiO, ratios of most strongly perluminous granite
samples are less than 100. All these data point to S—type granitiods and suggest that the granites might have come mainly from acid
rocks of the middle—upper crust. Trace element diagrams for discrimination of the structural environment show that the granites
were formed in a post—collisional tectonic setting. According to the petrogenesis, the discrimination of structural environment and
regional tectonic evolutional setting, the authors infer that the formation mechanism of the Wutuan pluton should be as follows: the
thickening of the crust in Indosinian movement caused the rise of the temperature of the crust, and later the weakening of the stress
in the post—collisional tectonic setting caused the melting of the middle—upper crust, with the magma emplaced in a relatively open
environment. In addition, upwelling and heat transference of asthenosphere mantle might have played a certain role in the formation
of granitic magma.

Key words: zircon U— Pb; SHRIMP; geochemical characteristics; S— type granitiod; post— collisional tectonic setting; Wutuan;

southwestern Hunan Province
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