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Fig. 2 Typical cathode luminescence images of zircons from the sample 12D116 of Wanyangshan batholith
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Fig. 3 U-Pb concordia diagram of zircons from the sample 12D116 of Wanyangshan batholith
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Table 1 LA-ICP-MS U-Pb analyzed data of the zircons from the sample 12D116 of Wanyangshan batholith

TEEFR(x107%) I7l iz 2% LA I7) i 4R ( Ma)
Mitei 5 o - Th/U | n(*7Pb)/n(*®Pb) | n(*"Pb)/n(*¥U) | n(*®Pb)/n(**U) | n(*Pb)/n(**Pb) | n(*Pb)/n(**U) | n(**Pb)/n(**U) | jwfnps
ES N

W [RE(le) | WE |R2E(e) | WM [R2(le) | WE |R2(e) | WME [R2(le) | WIE |E%0e) | (%)
12D116-01 49 573 171 0.30 0.05879 0.00238 0.57818 0.02236 0.07132 0.00085 560 90 463 14 444 5 104
12D116-02 25 299 117 0.39 0.05724 0.00320 0.56401 0.02933 0.07147 0.00104 501 89 454 19 445 6 102
12D116-03 50 621 92 0.15 0.05782 0.00302 0.56816 0.02734 0.07126 0.00102 523 80 457 18 444 6 103
12D116-04 11 138 60 0.44 0.05784 | 0.00545 0.56118 0.05137 0.07035 0.00139 524 168 452 33 438 8 103
12D116-05 36 345 108 0.31 0.05736 0.00253 0.74805 0.02967 0.09454 0.00125 505 64 567 17 582 7 97
12D116-06 29 378 43 0.11 0.05990 0.00274 0.59189 0.02448 0.07160 0. 00095 600 66 472 16 446 6 106
12D116-07 21 249 124 0.50 0.05492 | 0.00301 0.54172 | 0.02771 0.07147 0.00100 409 89 440 18 445 6 99
12D116-08 34 450 90 0.20 0.05590 | 0.00258 | 0.54445 0.02288 0.07056 | 0.00094 448 70 441 15 440 6 100
12D116-09 52 669 92 0.14 0.05649 0.00188 0.55914 0.01554 0.07170 0.00081 472 41 451 10 446 5 101
12D116-10 23 255 75 0.29 0.06297 0.00361 0.62193 0.03333 0.07154 0.00114 707 87 491 21 445 7 110
12D116-11 14 161 95 0.59 0.05171 0.00382 | 0.51296 | 0.03649 | 0.07184 | 0.00120 273 132 420 24 447 7 94
12D116-12 13 54 61 1.12 0.07252 0.00601 1.66398 0.13401 0.16618 0.00373 1001 128 995 51 991 21 100
12D116-13 78 924 98 0.11 0.05654 0.00185 0.55893 0.01541 0.07159 0. 00085 474 40 451 10 446 5 101
12D116-14 40 386 102 0.26 0.05558 0.00207 0.72761 0.02389 0.09481 0.00117 436 51 555 14 584 7 95
12D116-15 55 682 97 0.14 0.05630 | 0.00215 0.55747 0.01884 | 0.07172 | 0.00090 464 53 450 12 447 5 101
12D116-16 272 | 3212 | 244 0.08 0.05570 0.00143 0.55168 0.01072 0.07176 0.00078 440 24 446 7 447 5 100
12D116-17 45 472 64 0.14 0.05584 0. 00207 0.55381 0.01811 0.07186 0.00091 446 50 447 12 447 5 100
12D116-18 48 545 115 0.21 0.05521 0.00660 | 0.54744 | 0.06390 | 0.07186 | 0.00207 421 210 443 42 447 12 99
12D116-19 72 866 176 0.20 0.05562 | 0.00333 0.55010 | 0.03123 0.07169 0.00123 437 96 445 20 446 7 100
12D116-20 60 262 159 0.61 0.07326 0.00263 1.67888 0.05347 0.16612 0.00233 1021 42 1001 20 991 13 104

T Pb " RIS 4 o
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F/F+M | 0.72 0.69 0.69 0.68 0.68 0.71 0.73 PR (T ) H 1. 77 ~1.94Ga, 5
TFeO 3.83 5.83 5.83 5.52 5.43 4.67 2.74 ﬁﬁ%pﬁlﬁﬂi%ﬁ%%ﬂ@%%ﬁ(lg ~
. ) n(ALO;) _ a(ALOy) N o
AN = e 0) T n(Nay0) +1(150) Y M = Na0) +1(15,0) 7 2.4 Ga) (M=, 2009) %z"“ o
n(ALO;) TEeng (1) — o, (1) EIH (B T) AEMTR
ALK = Na, 0 + K, 0;A/MF = ——— 22" __MALT = (Na,0 +K,0 - Ca0) ;

n(MgO) +n(FeO)’
n(FeO)

F/F+ M= n(FeO) +n(Mg0)°

SR B T, SR S B W K
J7 1) A, I P N R AR R
Lachlan Jill HLZK & 147 S Y46 5 &
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Fig. 4 Harker diagrams of selected major oxides of Wanyangshan batholith
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Si0,—K, 0 FElff# (b) (#5 Le Maitre et al. , 1989)
Fig. 5 K,0 + Na,0—Si0, diagram (a) (after Irvine et al. , 1971 ) and Si0,—K, O diagram (b)
(after Le Maitre et al. , 1989 ) of the Wanyangshan granite
(e, (1) =77 ~ 204,64 (1) = -9.8 ~ —6.1] BT RATR (LILE) B4, &R u R (HESE) i

(Chappell et al. , 1992) £521X, 1 /5 b 7e il R AR
(LIENSE,1999) .

5 phES5E
5.1 WBRiE

JT AL B R il B 25 i 1 H. K, 0/Na, O
=1. 1, 55 B (A/CNK H{E N 1.07) 5 BE AL 9K

g, AT NA R R AR KA R BE R
(Sylvester, 1998 ) , i 7~ J7 ¥ Ll 5 1A oy b 56 Bl AL
Rb/Sr (B 0] DA R A1 7R X 0 5 (P8, 24 Rb/Sr
>0.9 I, S BUAE K 5 24 Rb/Sr < 0.9 I, Jy TH#Y
TEE ((F 55,1993 ) , 3 v L AE X % 19 Rb/Sr
fHATF 2. 779 ~ 11. 440, SR B FLUR XA 10 L
73 B UL 5 o 7EK, O—Na, O [ fif ( [#18a) v, #F

F (2) —e—12D112 (b) —e— 120112
F —=—12D113-1 —m— 12D113-1
—4—12D113-4 —4&— 12D113.4
—+—12D114-1 —+—12D114-1
) ——12D115 ——12D115
w 10F —*—12D116 100 —%—12D116
= —o—12D117 =
i g
10} i
1 10 s

400

Rb BaThU KNbLaCeSrNdP ZrHf SmTi Y YbLu

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

B 6 T3 LA PR IO T0 3R U S 3ok 1 12T () (it a2 (L 415 Sun and McDonough, 1989) I
Hir £ ICR BRI AT AR AL TR (b) (BRKLF AT B4 Taylor and Mclennan,1985)

Fig. 6 Primitive mantle-normalized trace element spider diagram(a) (primitive mantle data after Sun and McDonough,1989)

and Chondrite-normalized REE patterns(b) (chondrite data after Taylor and Mclennan,1985) of Wanyangshan batholith
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RIFTHLEGHEBTEMBLTER( X107 ) HHER

STUFER A (K 7) (e, (1) =

Table 3 Trace element and rare earth element analyses of Wanyangshan batholith 77 ~ 204, g.,(¢) = -9.8 ~
B 12D112 | 12D113-1 | 12D1134 | 12D114-1 | 12D115 | 12D116 | 12D117  —6.1 ) ( Chappell et al.,
La 46.70 | 48.80 | 51.70 | 57.20 | 48.80 | 31.20 | 39.90  1992) FI4PIX K FAE b ik
c 92.20 | 91.90 | 99.80 | 109.00 | 95.80 | 61.80 | 76.20
¢ (e (1) =102.2 ~221.9,
Pr 11.80 11.70 13.20 13.80 12.50 8.15 9.72
Nd 42.70 | 4230 | 49.20 | 48.20 | 45.00 | 28.40 | 35.30 exa(t) = =7.53 ~ -6.77)
Sm 9.10 8.73 9.88 9.22 9.78 7.15 7.65  (FEMIPEAE,2009) L. AT
Fu 1.07 1.63 1.72 1.50 1.20 0.69 1.05 , L
Ay X ' Nd
Gd 8.48 7.86 8.96 7.90 8.75 6.56 6.95 %EE{*E%WB&:TH‘XEHEE/J
T 1.51 1.28 1.46 1.22 1.51 1.19 o5 BRI (T ) M 1 8 ~2. 4
Dy 8.53 6.60 7.76 6.20 8.30 6.40 7.16  Ga( #MEEF, 2009 ) , LIS (1) B
Ho 1.70 1.28 1.50 1.17 1. 64 1.13 1.35 - N
FEAEL T ~2. 7 Ga [f], 1
Er 4.72 3.31 3.96 3.03 4.28 2.96 3.71 ﬁ e .
Tm 0.86 0.54 0.67 0.51 0.71 0.52 0.70 AR R DA B PSS
Yb 5.26 3.40 4.03 3.37 4.29 3.13 419 BRI AN T 1F
Lu 0.75 0.48 0.55 0.46 0.57 0.43 0.61 122 ~1.76 Ga 2 [l ( #138 it
Y 43.10 | 30.50 | 35.80 | 27.70 | 40.00 | 30.10 | 34.90
£ De L
SREE 235,38 | 220.81 | 25439 | 26278 | 243.13 | 150.71 | 105.74 5 »2005) MUHARBITEE A
LREE 203.57 | 205.06 | 225.50 | 238.92 | 213.08 | 137.39 | 169.82 PR B Br Nd i = 4R # (H
HREE 31.81 24.75 | 28.89 | 23.86 | 30.05 2,32 | 2592 (1,77 ~1.94 Ga) HILIE S
LREE/HREE | 6.40 8.29 7.81 10.01 7.09 6.16 6.55 e e
LaN/YbN 6.37 10.30 9.20 12.17 8.16 7.15 6.5 MHELIFE TR FOUNA
8Fu 0.37 0.59 0.55 0.52 0.39 0.30 0.43 Y ZR w2 1L 5T IR AE B
8Ce 0.94 0.91 0.91 0.92 0.93 0.93 0.92 s b T HE T 1 L L
Rb 190.0 119.0 142.0 147.0 | 218.0 | 250.0 | 264.0
HA 7 e L =
Ba 357.0 | 583.0 | 546.0 | 544.0 | 592.0 | 253.0 | 448.0 AR DT AR 72 ) T
Th 2170 | 18.50 | 16.90 | 18.40 | 24.50 | 17.30 | 19.10 Mo TE Sylvester(1998) fr{z i
U 6.63 3.88 3.29 7.88 4.19 10.40 6.33  fy ALO,/Ti0,—Ca0/Na, O ¥|
Nb 11.30 14.10 14.80 12.70 13.90 17.40 10.60 . ;
l 8b 5 v
Sr 115.0 126.0 178.0 134.0 108.0 | 63.40 | 89.80 S (I 8b) b, 2 2 i 7 3
N e
Zr 140.0 | 278.0 | 290.0 | 257.0 | 180.0 | 97.30 | 136.0 KA Lachlan i 1 P K H
Hf 4.92 8.53 7.77 8.14 6.01 3.62 4.67 BT, FE R T PR L A JE

A OB PR S RIFERG A28, b — b )T i
HAE b A e A
TIFE AR B TR A2 2R 802 7 s Sr iR Nd

il o

AR 2 0 F2 B DX AR o 4

Zi LB, AE R E Bk A S Sr N [ 67 3% b

BRAE, BEG B [n (T St)/ n (™ Sr) ], {4 0.71223 ~
0.72509, e, () {H 4 117.5 ~299.9, &y, (¢) {H N
-9.39 ~ —7.30, B/ 5 K HF I Lanchlan & 111747

BRALSA IR R BT PR LR b e R Bl re B R AE D
(S BAER A ) , HIE 9 Esbse A B s A o

x4 TFE AR Nd—Sr B EHK
Table 4 Sr and Nd isotopic compositions of granite of Wanyangshan batholith

B Rb ‘ Sr n( i:ﬁRb) ? [ n( ZZSI) es, (1) Sm Nd n("7Sm) | n('¥Nd) exa (1) Tom Towe
(x10°%) n(*°Sr) Sr n(*°Sr) I; (x10°%) n("™Nd) | n("Nd) (Ga) | (Ga)

12D113-1 | 163.5 | 127.0 | 3.722 | 0.73759 | 0.71400 142.4 | 8.608 | 44.12 | 0.1181 0.511997 | -8.04 | 1.84 | 1..84
12D1134 | 162.2 | 168.7 | 2.779 | 0.73238 | 0.71476 153.2 1 9.995 | 49.52 | 0.1221 0.512047 | -7.30 | 1.84 1.77
12D116 [ 269.1 | 68.4 11.44 | 0.79761 0.72509 299.9 |6.879 | 28.22 | 0.1475 | 0.512014 | -9.39 | 2.61 1.94
H22 179.0 | 138.8 | 3.727 | 0.73655 | 0.71223 117.5 | 6.230 | 33.44 | 0.1127 |0.511975 | -8.03 | 1.77 | 1.85
H24 233.9 | 107.0 | 6.330 | 0.75471 0.71341 134.2 | 7.760 | 39.24 | 0.1196 | 0.511982 | -8.30 | 1.89 1.87

TE - Nd [ A7 R AR RR BRI IR 45 (1999) 42 1 A Nd BRI TR 30, H22 (H24 R LIRS ] A SRR G945 (2008) |, HiAl
ARSI
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Fig. 7 eyg(1)—eg (#) diagram of Wanyangshan batholith (
after Li Xianhua et al. ,1991&)

52 £EMEREREHEAEEES

Pearce 25 (1984 ) #£ H AU E LR Y + Nb—Rb
P BRI o (B9, Bir Ay RO RE il 28 96 A S
fll A3 A8 b 5 DI 78 Si0,—K, 0 [ 1 (& 5b) , ke iy
FULFARE T T2 B85 v B A B 1 2R 9 AE B, T
e B R PE 2R 9 A8 B R TR AR B 2 1Y) TR AR
Z—(Liégeois et al. , 1998) . [A 1 AT LAHELRT fin B ZR
WO PR 1L AR i A A T PR R OB LY, TS 2
AT IR P — Rl R s L i) 7 ) (A AR A, 19895
45 ,2003) .

>0 @

NaZO(“ ())

1.0

K,O(%)

2.0 3.0 4.0 5.0 6.0 7.0

TEAF A LR TS MR A G T AR, R B4
P AR A AL B 2 B 20 A A A A —
MRRRIN—=TIFR I, H o — i) 1h—
REG L —F AN A -5 4 T A A AR Y
B S TLIL—Z 26 W 340 I (P47, B vh T B —
I B A 24— 1L —3F 5 T 2% DI TR R T 244 it
AR UE DXz 7] (18] Ta) , A7 2RO A i e i (2
JKEESE,2011)

KT N B ZR B B T U A 1 PR
BV AR 1) 2246 AP ARG 25 BN [R) AL 5 (A RR il
55,1989 5 F 189 2% , 2003 ; V7 8 40 45, 2006 5 13 56
55,2009 ; 7K %2 4§ 55, 2010 5 F 7K £ 55, 20125 F1E
45,2014) o {H 2 fE SR T e AR I L X R AR AU
TAFTEME S A BUE R B IS, & B AFAE) R )
Gl O . IR 1 =R AR MR e F
AR A 5 5 TR R 4 3 3l 0 2 5 DR 1R
A TE AR ZR I By IRAE 54 5 Q) H R PR I 1 TR 1
AL i s Rl P 3 LU TR J8C R AR Y A6 B o (K
J59%,2011 5 FKEAE,2012)

TG 800 AR — R W 2885 B e 3 A1 F) 28 ot
S R B R BT PR A AT RO I i s iR
W AR s, HEWTZ I 200 2 PRI by, 28
T AR, w8 0 B B DU 4F 804 1278 (Li Wuxian et
al. , 2005 ;Shu Liangshu et al. , 2006,2008) , 2% i :k
L FE BEBR BURE 1 5 S BT R, RIZ M 240 A
JEI R R PR TS vhat o 53 AR &7 A= (2008 ) TA

4

| (b)

Ca0O/Na,O

=
W

0.1} . :
_ P e R X

] O O ! S

10 100 1000
ALO,/TiO,

K 8 it A 1A K,0—Na, O Efift(a) (4 Collins Z5,1982) i1 Al,0,/TiO,—Ca0/Na, O [Efi# (b) (#f& Sylvester %,1998)
Fig. 8 K,0—Na, O diagram (a) ( after Collins et al. ,1982) and Al,0,/TiO,—Ca0/Na,O diagram
(b) of Wanyangshan batholith ( after Sylvester et al. ,1982)



55

Ze SR AE R M DT P L S A A7 LA-ICP-MS U-Ph 4§ R BRAL 2 A S HAR 38 55 5 1339

10 ¢ VAG

ORG

1 10 10° 10° 10°
Y+Nb(X10)

K9 it a1 Y + Nb—Rb [Elfi# (& Pearce %5,1984)

Fig. 9 (Y + Nb)—Rb diagram of Wanyangshan
batholith ( after Pearce et al. ,1984)

N R AN LA T i O v T B 1 KB S R AR,
Ah,HT Y DX el o R A SRR RSB iR A
gl —IR M 20 e R T ORI R, SE P bR Tk
VR BB DX B R R Y A5 (&F AR ,2006)

A SCWFFE T LA AR A BRE d s 3460 T 8
PREGHEPESE K 5 R 5 (B 5b) |, KGR Y0 5 AR IE
1t FE v L 7E W] R (Treloar et al. , 1992) , th4h,
e b DX e B A 1 R A A X A S Y A A Al R
i, XA A (2015b) 45 T2 B e 4 45 de M 3R 51
() KB H5E )RR 40 ~ 67k, i — 25430 B A2 g 0
LA ) 5T AT RE AT I A L I XY M ST 1 R
S0km [, JE DA A= A6 i) Jo1 2% T e 5 1) SRR, 3
TN M B AR PR & A 1 AR U, 2 1 2 A P T 3ok
AR Y65 1) R 35 R4 ( Turner et al. , 1992)
H ST A R AR L, S R A LS
TE BUAE B 1 25 R AR 4 A A AR

IR AL B A R 0 EL AR A RIS 1) K B
AR M FH A By 38 39— Ity s s I — o At i s 1 Ly S ok
Ff R IR AR SO T ¥ LU IR A 9 DA S 25 45 A
TR R I L AR A A A 1 SR A (R
B VLAF,2003 5 5K 75 584 2009 ; F K F55, 20115424~
45,2013 5 F 45,2013 ; 48 B [ 55, 2013 ) , A S0y
AEEE N B AR TR ST Bl VA 25 AR Py AR A 1
LI o Al o s A . A2 B R s B Y
S AR AR S 7 TR R — U R PR G, T
R TR 7 O R OGP, S SR B AR S T
WK PEG, P BOR AR M5 G 2 . X Fh

HbrE s 5 AT LA B0 I AR U R AR A ) B ER
A, f5e i £ HH R IR 45 P (Sandiford , 2003 ), 75 AL 5
ORI GYASE S L A 5 G o L D K 9 S R RV =
Rl 830 A 2 il AL AR R et 0 AR, SR m B AR R
RIS BIFE RIS o AR 1 H B BA B
P EUM A A I B3 3l (E Al £ ) 72
RO A1 3 BT U AR CER AL ) R i 21

6 Zhig

(L) LA 5 L A SR Dy s 8 55 B 1
S RFAE R A, BT S BB A, e E2 N
bl TR TR

(2) AT P LA PR AR Y 446. 0 £3. 4Ma,
S5 R PR G, L i 228 7 A5 B A g i AR
Zhft

(3) TV AR B PR LA R At A R i 7R 4
A B AR 235 T A B P 8 P A 3 2, R AE i i
FTEFREE T, i A 3R S5 R RE S A st e b J5 5 kS
HR I R 1) AR T A
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LA-MC-ICP-MS Zircon U-Pb Age and Geochemical Characteristics of
Wanyangshan Batholith in Nanling Area,South China,
and Tectonic Implications

JI Wenbing" ,LU Yuanfa" ,FU Jianming” , CHENG Shunbo® ,LU Youyue”
1) College of Resources and Environment, Yangize University, Wuhan, 430100
2) Wuhan Center of China Geological Survey, Wuhan, 430205

Objectives: Wanyangshan batholith is an important part of Caledonian magmatism in south China. Though
some work have been performed to reveal petrology, geochemistry, U-Pb dating and tectonic setting of the
batholith, but lack of work on tectonic setting of Caledonian granitoids. We discuss tectonic setting of Caledonian
granitoids and provide new data for early Late Paleozoic granite and crustal evolution in south China.

Methods: We apply methods including zircon LA-ICP-MS U-Pb dating, main elements, trace elements, rare
earth elements and Sr, Nd isotopic analysis and testing. We analyze the interior structures of zircons by the CL
technology and in-situ zircon U-Pb dating of a biotite two-mica monzogranite sample. For main elements analysis
and testing, we apply burning method for Si summation, volumetric method for Al and Fe’* | spectrophotometric
method for Fe’* | Ti and P, atomic absorption spectrometry for K, Na, Ca, Mg and Mn. Trace elements and rare
earth elements have been tested on the X series Thermo 2 type inductively coupled plasma mass spectrometry. Sr
and Nd isotope analysis has been performed on the MAT261 multi receiver mass spectrometer.

Results : We obtained the 16 points of zircon **Ph/**U weighted average ages of (446.0 +3.4)Ma(MSWD =
0.15, 95% confidence degree ), suggesting crystallization age of the batholith. The result indicates it formed
during late Ordovician to Early Silurian the Southern China Caledonian magmatism. Geochemical analyses showed
that; the Wanyangshan batholith has a SiO, content of 65.91 to 73.35% , an average K,O content of 4.20% ,
(Na,0 +K,0) content of 5.90 to 7. 88% . the average of K,0/Na,O, Al,O; and ASI are 1. 64, 13.81% and
1.09% . Which indicates granitic pluton is high-K calc-alkaline peraluminous. The contents of Rb, (Th + U),
(Nb+La+Ce), Nd,(Zr + Hf + Sm) and (Y + Yb + Lu) are relatively higher and the granite intrusion has
moderate ¥ REE (159.71 x 10 7° ~262.78 x 107°). It is enriched in LREE and depleted in HREE ( LREE/
HREE =6.16 ~10.01), (La/Yb), =6.37 ~12. 17, with obvious negative Eu anomaly (§Eu = 0.30 ~0.59).
The Wanyangshan granite has a range of initial strontium from 0. 71223 to 0. 72509, and a range of ., (¢) from
117.5 10 299.9, gy, (t) ranges from —9.39 to —7.30, with the depleted mantle model age of 1.77 ~1.95 Ga.

Conclusions ; Those methods above have been successfully applied to formation mechanism of Caledonian
Wanyangshan batholith, providing some new evidences for understanding the tectonic setting of Southern China
Caledonian granites.
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