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Abstract Jurassic granitoids are widespread in the interior of South China. However, the genetic types of some plutons are still
controversial. In this paper, we show an example (Fogang batholith) of how to distinguish I-, S- and A-type granitoids. Fogang
batholith is the largest Jurassic granitic pluton, located in the Guangdong Province. With increasing differentiation, the contents of Nb
and Ta progressively increase, whereas those of Zr and Hf show gradual decrease. Both Nb/Ta and Zr/Hf ratios show decrease with the
fractionation of granitoids (15.3 ~3.6 and 38.9 ~ 17. 3 respectively). Fractionation of zircons result in lower Zr/Hf ratio with strongly
decreasing Zr concentration. Fractionation of amphibole and biotite produce decreased Nb/Ta ratio with the differentiation of granitoids.
The Nb/Ta ratios of the Fogang granites correlate positively with Y/Ho ratios, indicating that the fluid also played a key role in the
variation of the contents of Nb and Ta and Nb/Ta ratios in Fogang granitoids. The absence of Al-rich minerals and the negative
correlation between Zr and P,0; preclude the Fogang batholith to be S-type granite. Ga/Al and FeO"/MgO ratios correlate positively
with the Ta and Nb contents, and Y/Ho and Nb/Ta ratios, implying that the high Ga/Al and FeO"/MgO ratios of Fogang granites
result from fractionation and fluid-magma interaction. Therefore, the Fogang batholith is deduced to be metaluminous to slightly
peraluminous I-type granitoids rather than A-type granites. This work highlights that the fluid-melt/rock interaction makes it difficult to
directly define the genetic types of some granitic plutons.
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YA E b N a1 D L o S 7 Wt T R TR = WA 8 L
J AR G AR O R SE-IAR AR T R A R i
AT ARG, PUE SRR X BT DX 23 79 1.8 B4 425 53 28 07
B2 BT . L BRI THER A BITE RS
FECR A UL M RIAE R 5, MISA S H i FH R AE R 5 70
KR (RRICAE, 2007) o FMINATET A FREE R 5 )
FIH TS A A BIRE A T ERT YRR 0 = A
BAOIAIREE S BIE R A RbR 5 (R AE TS, 2007)
SR, TCit s 1AL A s S RIFE K G, M e T uRgl
1y B as VeI Z )G o P AL 28 i 408 0 Tk 3t
SiAERE AR R 1Y R 2 BUME LA 2 o fildn, 3R E 4
T T Ut [X— 26 55 ™ A 6 1 P 2 4 A B B A 1 PR 2
B — B LIARHOHE LA E (ZERRAESE, 2007) , th T4 05 T 3 8Y
53 B A A VE T, X B A 1 B A0 1 R 1 M B AR XE PR E
> ML TR 18 S o X)) B B A B B A, AN R F
FEH AR A R R 532 S AL (/WIS 2002) (T AY (
SCHASE, 20005 Li et al. , 2007) FIEE BT A BIAE e (A& A
FIRRAE, 2003) o B MIWFTE AR B A 4L 5 26 10 I s Pk
JRCH A ST T R T 2 HR A i R X A7 b IR~ AL 14
MR, SR 7R A SR A R A M BR AL 2 R R A R
HLERA BE B VR 20 1) B ok 6 48 B o ) J A

Nb F1 Ta Zr F1 Hf #fJ2 @558 0K , 73 5 HA AR Y 2
TN (N Fl Ta Jy +5 fi 3 Ze F1HE Ky +4 4) FIARARLR 255
A% (1ihe =0.72, 1ing =0. 71, 1ins =0.64, 1iye =0.64) [
BB N B H LB BRI 22 4T R BT AR IE R W,
Nb/Ta Fl Ze/HE FEAEARRFRAE , 5 3048 15 A AF DG 119 2 0 i 7
FRARME & A= 4348 ( Hofmann , 1988) , BRAL [ A5 i) Nb/Ta 1 Zr/
Hf [t {8 ¢ 5 (Nb/Ta = 19.9 £ 0.6, Zt/Hf =34.3 £0.3)
(Miinker et al. , 2003) , MORB #I OIB #[ & E. A& 41T H K T
BRI ATE ) Nb/Ta LB (RTH 20 14.2, 5 E 2N 15.9 =
0. 6) (Miinker et al. , 2003 ; Pfinder et al. , 2007 ) , MORB #l
OIB A = TR A7 R A (H 1Y Zr/Hf FUAE (34 ~42) (Buchl et
al. , 2002 ; Pfinder et al. , 2007) ., KfEHFEH 3 Nb/Ta kb
(BN 13. 4 &4, Zv/Hf B R 36.7 2247 (Rudnick and Gao,
2004) , BHR T EORL B AT A9 0EL. BT D, 78 K Bl dth e 40 5 A
AL Nb/Ta I Ze/HE FOBEFFIESE 2 58, b 22 ) w]
B4 K A4 5 ( Dostal and Chatterjee, 2000) , Ui, Hoffmann et
al. (2011) i@ AEXF KA TTG BT FEIA N, BRORLE AH T M 7%
TR o A BAT R Nb/Ta W(ERYE I, ik B85 i i
JRARBNIA P ST ARG Gt 43 S A IR Nb/Ta [G(E Y E
Hi7E o SR, Nb/Ta Fil Ze/HE 435 B — B LR #R AT 78 S
W (Huang et al. , 2011) , J0A7 $E22 F N g 43 S 02 1l TAH G0
Yoo B 45 b B0 TE B He N 5% B 3 B (Miinker et al. , 2004 ) ,
A S22 ARy T BE S it () R e 9 RH ELAE T iy
(Green, 1995; Dostal and Chatterjee, 2000) ,iAH 2EEINHTE
FR G SRS N A HORE (5 Nb F Ta 7E R B A7 & 2E
H K957 (Ding et al. , 2009)
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B RAPEAE (B DCAE, 2007) o ER A B Z (84 % YT
PP ) 2 TR RUARE AT 6 2R, fof A 2K 6 78 I o 14 BN — LA
RARSZ BN RWFFEH KT (Zhou et al. , 2006) .
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2003) . Li et al. (2007) i 5541 U-Pb & 48 E B X & 142
BT 161 £4Ma Bb KA 52 PR [R5 45 i B, 24
PATR =BT = (1) B e A 22 20 1 A, AN [ 5 41 96 14 4
B PR IIE AR i J AT (ESCIA SR, 20005 BR/NASE, 20025 41
LA IR, 2003) 5 (2) 2 3 YA ) A I A4 5 1 A 1
A KRR X AE b 2 B RREA e A AR T 2 00 S R
AR A TR R L (HESCAE, 20005 BR/NIAE, 20025
BB IRTE, 2003; TR 4 4, 2007) 5 (3) B XA AL D)
i BREL A SR ARMER S 2 S B L R A Y, O 4E
e BP0 2 b o 1) S HA AR BF 9 18 3 R (Li et al.
2007) ,

W XIE B A oA R AREE | B R, DA VAR TR 55
IEERJTT o IXERFAE G - B A7 e B0 Tl S 5 AR 1Y
T AARAE AL, 2 W06 X AR r A B 1 A8 B o iy 3t e ) I
TR R I (BRI A, 20025 A S FIRAIRTE, 20035 £
K A4, 20075 Liet al. , 2007) o #hXIFERG 4 5 D i Sk
FAFEA: B/ Se-Nd-Hf [R] {37 3 2 BB AR B, i SERFAIE 2 B
WAL A R R G B A e B 2 5 (Li et al.
2007 ) , ik 4 iy 49y i kg {9 XD AE B o 1R AR 3t T BRI
Uo I R] DL, MU R IR A A B IR AR, BB R 1 -
HOTE AT R FR S Tl M R YR ) R S S 15 M e A 0 M il
TR BN e 2 AR G T B T b R AE B 5 (Li et al.
2007) o HIEAIA N o T O XIAE B A I A R D T 3R B 2y
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Fig. 1  Simplified geological map of South China, showing
major tectonic units and Mesozoic intrusions (a) and
geological map of the Fogang batholith (b, modified after Li
et al. , 2007)

B ERVER A5 1 o L D R A SR 0 Bk Ak 2 R AR AR A5 TR
X, DL ZE T AR M E A X AE e A 4k R 2 Y (R /N B 48,
2002 ; AR IR, 2003; 1R A4 A%, 2007; Li et al. |
2007) .

2 HbERAESAFFAIE

Bl IAE i 2 A AR B B 55 0 48 5T (ACNK = 0. 89 ~ 1. 13)
BRI R IR AL, o Sio, & R 63.5%
~T77.3% ,ALO, &} 11. 7% ~16. 1% ,MgO 4 &4 0. 08%
~2.99% ,Fe, 0, ) 1.4% ~6.4% ,Ca0 Hj 0.47% ~4.95%
(Lietal ,2007), T KO0 FEHEE(3.1% ~5.9%), 1
Na, O 1) & fit— B/ K, O 1 i (BRI S, 20025 Ak
AR R, 2003 ; Li et al. , 2007)
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— B, P, ASOR B X AR 5 AR 2 AR TR Ze &
ST ARG P, RN HoE RS R T R R o BEAE Zr
ERMEAL, AL O, \TiO, .Fe, 0, \MgO ,MnO ,CaO P, 05 . Sr Fll
Ba [ 2L, K, 0 F1 Rb (& I (Li et al. , 2007) . I
ShBEE Zr T RIIEIR, HE Ga il La 9 & 2EIL(E 2) . X
SERAIE AR W Wb X A6 1 o 7 R AL R P 22 7 1 Bk 5
T KA BRSBTS A ) B i (Li e
al. , 2007) . BEA AT 5ARRE BO G0, B X 48 B A 0
JUE B i AR, T EL St D 43 2E 800 Y RFAE , 7T R R
A0 WA BT A B R AT S5 B 1 43 B 4 A DG (L et
al. , 2007) , B G RFRBE RGN, SR P ETTR,
R A TE R E B ) h AU TR (I Ze A1 HE — i 2K
s A 2, LREEs IR A7 78 4 5 A M5 A R0 9 2
o) i SRR (B 2) .

Rt 4 XU AE B AL, N 1 & A I, Ta 1) & =
FEAAAE (B 2) ,Nb/Ta LA Z @i A, T 2 Nb/Ta L6748
LR K (3.6 ~15.3) , AR TEOBL A I ( ~19.9)
(Miinker et al. , 2003) , &4 T BB 19435, 343K 5 1) Nb/
Ta FEEZEK T F 52 3918 ( ~ 13.4) ( Rudnick and Gao,
2004) . B BRIXITE R & Nb A Ta &5 980, 541 7Y Tio,
FRFEARE 2) R Ti - YR 3 B 45 it BoA [ a5
Hrit Nb il Ta 3 5t REAIK . Ze R HE 20 AR A, Ze B
HE SERTEAL R & P i FORRARTE A AN Ze 1R 2 J5 B 5 1 53
Bt S AH B BE & (Watson and Harrison, 1983, 1984) . [fi %
Zr E IR, Ze/HE OB AL REAR . b XIAE B 5 1 Ze/HE L
SR (17. 3 ~38.9) R FHOBLBUA 9418 ( ~34. 3
Munker et al. , 2003) , &4 T BB 895 5, Zo/HE FUAE S E 1%
TR FliH5E A 39{E ( ~36.7; Rudnick and Gao, 2004) . i
X 5 A Bt 25 e AL AR B 386 , Nb/Ta A1 Ze/HE HOAR FRAR 5 22 42
Jr G HER S Nb-Ta 7 LR AR BIE 2) .

3 Nb/Ta fll Zr/Hf 43 Stz R 2

FEXITE =i 1 M BRI AR AE S, LB S A i b o
T TR T B A SR . B O B A R T AT
Zr FUHE (S EBET IR X FBEWE ST YNE, B0
SYESEE SN 5 HK 1) Nb/Ta il Ze/HE LU A 7 4 — 5 19 52T
(Miinker et al. , 2004) {HH FHASE Zr F1 Hf if) EEZA,
EATR B A SR RS0 a8 JK Y Ze/HE FUAE 7 A 0 1Y
200 ( Miinker et al. |, 2004 ) . 54 J& 46 5 55 4 Zr Fi1 HE
F A, 2 A Ik B Ze AN S5 B B A A AR Ze
FHE 5 5 2 B W AR, TR A B A m Yy Zo/HE o fE
(3 25 3 40) | Y41 A 03 B A R VR RTINS i, FR A A IR
B Ze/HE A2 B EREAR . AN BFE R, X AR R A 32
B BT M TS AR BT R 107 HLAT /D i ) SR
EHFEYIRIIZ S (Li et al., 2007) o fy T3 4y B H A 2
A Zo/HE FCE AR Zr &5 UMY g 25 2001506
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Variations of Ta vs.
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N5 A7 B9 73 B 45 S AR A 8 37 A T Zo/HE 4y 5t
(Wang et al. , 1996, 1997) . Hij NXS S5 5 1A (4 B A1 O BIFSE
FWFGH AT T3 E 5 Hf(Wang et al. , 1996, 1997)
HIIA , BAE 5 0 50 S RR B A3, Ze 5 HE (1 460 LL 9] 3
KB HE S5 Th, Ze/HE FUEREAR. BhIXIAE G i) Ze/HE
FY/Ho [WHRIEAHG, B Y/ Ho WAEIS N, Zr/HE LU P
%, R Hea K Ze/HE HEARLR 53 57t R0 R 001 16 300 )
Ko RATRFFE IR, Ze/HE B 45 55 B0 A i
AE & (Zhang et al. , 2008) ,

Bt 3 SRR RSN, X AE K e Nb & f B B i, ix
—RHERIITE R Ti P97 2545 fhad R b, Nb I Ta J-3806
REMFEARIC A B3R E Ti 079, Nb il Ta 325
BTE THRAR a2 o B Nb Al Ta &5 B HE AT, Nb/Ta L
(BB TR . IR X AL 11 A H s R 58 5 R 220

Si0,, TiO,, Nb, Ga, Y, U, Zir/Hf, Nb/Ta, Zr/Hf and Y/Ho ratios of the rocks from

TRATE R, SR T 9% B 5 19 Nb/Ta FCE AR Nb &
i, YIRS SRR A Nb/Ta L fEFEAR, Nb I
Ta & TR BEH(E 3) o SERBAALL, Fired A
HARXT AR Nb/Ta Fl Ze/HE ELAEFKA Nb il Ta &5, 1
MW B IIR Gy, WARMEARBE Nb T Ta 5 2 fiE Nb/Ta HH
REAIRITIG i e, DRIk, sy 5 (TR 45 LA S b 3t 5e 9 o
HTR LR ARE AR B X AE R 5 Nb # Ta &5 & B4 Nb/Ta LY
ELREAR TS i ) 22 A (B 3) o S I e AE R A AL S
0 F R A RS R BR R S ) 2 — , WIE ST R W R £
NI S Dy KT 1 AR A TN A1 010 53 185 205 it 2 AR AR A
I Nb/Ta PR, FC3 B9 405 5 A T REAE A5 0k X AL 1 5
Nb/Ta H{E AR ( Plander et al. , 2007) . f i HWFIE T8,
BB A S AR AE R BUA K 4R Ta, 1 H 155
3% 1) Nb/Ta H{E T} 5 (Stepanov and Hermann, 2013 ; Stepanov
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et al. , 2014) . LA FEREZD 2 Nb 1 Ta [ EZ KD
¥y, Linnen and Keppler(1997 )1\ } Nb/Ta 193 515 Nb, Ta
R WR 43 85 45 b A OG0 | T X 4 20 A AR Bk ok 13,
Dy /T 1, D BB LA FIBRERT 1 73 B 25 i S TSR R E oK
[ Nb & it AR, Nb/Ta LB T o X A8 B 2 BB 4 4 55 e
JERG I, T AR, ND &5 5340, Nb/Ta LU AR REAR, 3541 4
ZLAMERER ™ B 70 B 45 i A O AS R 15 Bk X 78 14 o 19
Nb/Ta HAEREAR (Plander et al. , 2007) o ffj [N A1 FI R 2 BE (1Y
Sy AT BERR R XIAE b 5 Nb/Ta 43 5 i) B SEALH]

1E Nb-Y/Ho Fll Nb/Ta-Y/Ho Ff# I, & Nb & & 1y1E
JIA Nb/Ta He{E 9 FEAS, Y/ Ho FLAESE N, N BLAE R & 1 Nb
1 Ta JEER B W 55 oA SRR A= w8 BE 73 S A TR TR I
WAIK . Green(1994) ANy, 5 J 1 Ak 5 109 1) O A A1 £ 53 5
WU 5 R S5 5 B 4 Ta AN Nb, {75 59K ) Nb/Ta [
{ELREA T A AR BE B 1 0 T AR i AR 5 # Nb-Ta 5 (1 46
R BIWTFER B, B A 5 B AL 1 A Y AL, B A R
Li JF 1P JTER 055t B0, B 1 2 SR FA G 58 0 [ R 2 114 1
JZ, 4% Nb Ta 55 4 J FH 8 1 15 Rk I 0 485 145 v A 9 Ak B2 14
S, BT 5250 Nb il Ta 585146 Ta* 1985 7242 (0. 734)
WG T ND™ ) T2 42 (0. 704) , L5 O T8 U 388 i S A
St AREE T ND B B R B2 AE 5 44 b (Linnen, 1998) , i 15
Nb/Ta HABAE S A0 o B2 b i AR SR 10T 4 R Bk
BT KB, 3% 21k Nb/Ta RAE 15 A AR AR AR S AE &
TRAGILTR, B AR B 1 78 A Ta 3% 531G 7 Nb/Ta L B
[#AI ( Dostal and Chatterjee, 2000) , L1537 3% 8 Ak i 300 HY 31
A TE & 4 Ta, IR4 Ta & 42 A1 Nb/Ta LU (B EAR A & A B
IS AR ARIBA X 33X — R W] 2 A BT = S AR .
IR—BEZ BN F O AR A AR 1 B 3K 77 42 Nb/Ta 43 5 1
AR EEAS I Fiege et al. | 2011) 5 F I Nb F 3 (sl
AE R I L AL 21 I 01 4 Nb il Nb/Ta 7357 19 32 225 ]
(Anderson et al. , 2013) , fxit,Ding et al. (2014) 2 T &
F e Nb Al Ta (9% B 43758007, I s F iiRZEI T 16
s Y Nb i Ta, T8 iURS 2 1Y RIS 28 5 W), B T P & R
KEBYHA AN B KRR AL, FBAER R EE R ) 55 36
BeASLET, Wik A B Nb/Ta FLEE A T B354k, Ding e
al. (2009) @ HGE R SIGUEN] T AE IR A SRR R o LR
I SR A, S0 FE AL BB LKA ND 1 Ta ZEAIGIRER A7 & 2E
AR5 TCRMRR L], 22 TCEE ) X 46 i %5 Nb/Ta Lh{H
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