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Abstract The Taiwushan granite pluton, with an outcropped area of about 40km” | is roughly elongated NE-trending as an irregular
stock in the coastal region of SE Fujian Province. Lithologically, this pluton consists mainly of medium to fine-grained granites, with
minor porphyraceous biotite granites surrounding the north marginal parts. Zircon LA-ICP-MS U-Pb dating yields an age of 96.9 =
1.3Ma (MSWD =1.09, 2¢ ), indicating that this pluton was generated in the initial stage of Late Cretaceous. Chemically, the
Taiwushan granites are enriched in silicon, and depleted in calcium, magnesium and iron. They also have moderately alkaline contents
and show weakly peraluminous signature with A/NKC values of 1. 01 ~ 1. 04 and AKI values of 0. 73 ~0. 92, thus can be grouped into
subalkaline and weakly peraluminous granitoids. On trace and REE aspects, the granites are enriched in Cs, Rb, U, Th, Pb and
LREE, depleted in Ba, Sr, P, Ti, and show high Rb/Sr ratios and moderately to strongly negative europium anomalies ( Eu/Eu” =
0.85 ~0.04). They also have lower Zr, Nb, Ce, Y concentrations and lower zircon saturation temperatures (726 ~809°C ) relative to
that of the typical A-type granites. Integrated geological and geochemical data suggest that the Taiwushan pluton should be genetically
ascribed to highly fractionated I-type granites. Zircon Hf isotopic compositions of the granites are variable, with gy;(¢) values ranging
from negative to positive ( — 1.44 ~2.78). Correspondingly, they show younger two-stage Hf model ages ranging from 0.98Ga to
1. 25Ga with a mean value of 1. 06Ga, indicating that large amounts of depleted mantle materials had been involved in magma genesis.
Based on a synthesis of geology, geochronology, elemental and isotopic geochemistry, we suggest that the Taiwushan granites were most
likely generated via a two-stage process including formation of parental magma by mixing of a depleted mantle-derived magma and an
induced crustal-melted felsic magma in the deep crust, and then suffered further differentiation during magma ascent.

Key words Highly fractionated I-type granites; Zircon U-Pb dating; Hf isotopic compositions; Petrogenesis; The Taiwushan
pluton, Fujian Province
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Fig. 1

Taiwushan granitic pluton

Diagram showing the tectonic framework of Fujian province (a, modified after Ma, 2002) and sketch geological map of the

1-biotite granite; 2-intermediate-fine grained granite; 3-basalt of the Fotan Formation; 4-Quaternary; 5-dynamic metamorphic granite; 6-faults

((DChangle-Nan’ ao fault; @Zhenghe-Dapu fault) ; 7-sample localities
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Fig.2  Microphotographs of representative rock samples from the Taiwushan granite pluton

(a, b)-samples from the main phase; (c, d)-samples from the marginal phase. Q-quartz; Per-microperthite; Pl-plagioclase; Bt-biotite. All pictures

were taken under crossed nicols
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Fig. 3 CL images, localities of the points for LA-ICP-MS measurements and the **°Ph/** U apparent ages of representative detected

zircons from the Taiwushan granite pluton
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Table 1  LA-ICP-MS zircon U-Pb dating results of the Taiwushan granite pluton
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Fig.6 Major element variation diagrams for the Taiwushan granite pluton

Symbols are the same as those in Fig. 5
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Table 2 Major element contents ( wt% ), CIPW-normative
minerals and predominant petrochemical parameters of the
representative samples from the Taiwushan pluton
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ALK 8.40 8.63 8.66 8.87 9.21 8.24 7.88 7.76 b N~ ek 6

DLIEAR B g Mg (136.2 x107°) 3%,
K/Na 1.26 1.04 1.04 1.32 1.41 0.95 1.09 1.00 *H{fixﬂj( 2 BFAR I R A 5 C )4
AKI  0.89 0.89 0.92 0.89 0.87 0.73 0.81 0.76 HH - B o3 18 B L 2 S W i (LREE/HREE = 12,22, (La/
A/NKC  1.02 1.02 1.01 1.01 1.04 1.02 1.02 1.04 Yb) =12.28) , H M 2 AH B 3= 1A KT, 46 1 S 85 55 48 i
D. L 96.0 95.2 96.3 95.1 94.6 85.2 90.4 87.4

ALK = K,0 + Nay0; K/Na = K,0/Na,0; AKI = (Na,0 + K,0)/
AL O3 (4+F ) 5 A/NKC = AL 05/ ( Nay O + K, 0 + Ca0) (4 F 1) ;
D. I S48 % . B & 18522 Fi1 18523 # 4 5| A & @& &4 H i )/
(1977D)

(ZFW EwEu” {505} 0.85 £10.04 ~0.62) , FidHs+

O REEMBUR. 1977, FYN0E TR 1 2 20 J7 Xl R 4
HCNERFER)
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Fig.7

Chondrite-normolized REE distribution patterns ( a, normalization values after Boynton, 1984 ) and primitive mantle-

normalized spidergrams (b, normalization values after McDonough and Sun, 1995) of the Taiwushan granite pluton
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Fig. 8 Histograms of zircon g, (t) values (a) and two-stage Hf model ages (tp,,) (b) for the Taiwushan granite pluton

TLEMNA S A E R I A s R R e
R T s a) MAHCA M B s e, X 5 E
TIC R ARG RIS Y4y B s S R S

FEIF GRS BR ok AL ik B (B 7h) b, Rl i B
‘H4 Cs Rb .U.Th Pb,%% Ba.Sr.P.Ti, #hZ A5 A1) Rb/Sr
1 Rb/Ba (B3 509 0.30 H1 0. 11, T A A5 b 4k
P 1 Rb/Se Al Rb/Ba HO(E i 250 i, FCABLZ 5004 1. 63 ~
44.67 F10.24 ~13. 16, H. F &4 A Ba.Sr P . Ti FILEM
TR BAER (B Tb)  WiE N B G AHE B, AR A
T RER S

3.4 Hf E{IRAK

XTI A7 U-Ph AR08 BORE S EAT 1 JRUAL RS 47 HE [ £
KA E , L 4 PO TSR BTN ES . h
b B T A Y SO B AT HET HE R A T
0.282673 ~0. 282794, 5,,(1) Jy — 1. 44 ~2.78 #cfi TIE(E 5

FUAZ ] (] 8a) o TE t-eyy (1) AR b FE R R TEAEAR
M HIE IR AR b (B 9) , HAL T BRORL B A7 1) — i
(CHUR) Fffir, He = B B HE BESCAR I (1, ) 2246 T 0. 98 ~
1.25Ga( & 8b) ,"F-¥0h 1. 06Ga, 5 2 4 Bt POIL R AR IS ( 3=
0 1. 80 ~2. 20Ga, PRITIESE, 1999) i 25 %, 45 78 A 1
FEr A B 5 AL Y2 5 AR Rl 2 A R
RN IR R 73 5 1A i o B A R AL B 7 HIE )
P FR L R AE (A 45, 2008,2012, 6 9) .

4 g
4.1 AEREZEEER

B 11 A T PR 2 TR ) ) S A B 2 T 9 19 e T S Rl )
B, B 20 g 70 ARG LK, DUAE i) 0 5K IR D Rl 43
R RZFNE ;S B HR M 2R 2, Kb B 2
AT Chappell and White (1974) 2 ¢ [ &1 5 S BI4p25 05
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£3 ARLENEGHRERBLITESE(x107°)
Table 3 Trace and rare earth element concentrations ( x 10 )

of the Taiwushan granite pluton

A A HGA
e ZP3  TWS-5 TWS-6 TWS-7 TWS-8 TWS-3
La 13.30 20.05 10.47 23.56 15.85 32.17
Ce 35.38 42.36 24.19 50.43 33.70 60.60
Pr 2.97 4.94 3.30 5.19 3.56  6.51
Nd 11.22  17.72 12.76 16.74 11.80 21.83
Sm 2.01 5.04 4.14 2.99 2.27  3.87
Eu 0.20 0.21 0. 06 0.51 0.42  0.95
Gd 1.76 7.33 4.20 2.41 1.92  3.01
Th 0.25 1.34 0. 64 0.31 0.26  0.38
Dy 1.78 11.57 4.60 2.34 1.88  2.48
Ho 0.37 2.86 1.00 0.48 0.44 0.52
Er 1.16 8.09 2.73 1.43 1.35  1.62
Tm 0.17 1.19 0.44 0.24 0.22  0.25
Yb 1.25 7.23 2.76 1. 64 1.61 1.77
Lu 0.20 1.07 0.45 0.27 0.27 0.29
> REE 72.0 131.0 71.7 108.5 75. 6 136.2
LREE/HREE  9.36 2.22 3.27  10.91 850 12.22
(La/Yb) y 7.15 1.87 2.56 9. 66 6.65 12.28
(La/Sm) y 4.16 2.50 1.59 4.96 4.39 5.23
(Gd/Yb) x 1.13 0.82 1.23 1.18 0.96 1.37
Eu/Eu* 0.33 0.11 0.04 0.58 0.62 0.85
Cs 2.45 5.72 3.57 1.21 1.37  1.49
Rb 159 322 306 168 154 124
Sr 39.8 36.2 6. 85 95.9 94.5 410
Ba 99 200 23.3 686 624 1091
U 3.65 7.11 6.39 2.13 2.15  2.46
Th 13.98 20.44 17.10 12.17 9.74 11.42
Pb 25.75 28.05 28.11 24.89 24.99 18.70
Y 9.80 76.31 26.33 13.62 12.30 14.06
Ga 13.05 21.03 19.48 17.65 16.84 21.30
Nb 14.25 27.81 28.16 11.15 9.79 9.85
Ta 1.20 2.63 3.22 1.08 1.04 0.88
Zr 74.9 122 95.7 83.0 76.2 223
Hf 3.26 4.97 5.02 2.95 2.89 6.21
Rb/Sr 4.00 8.89 44.67 1.75 1.63 0.30
Rb/Ba 1.61 1.61 13.16 0.24 0.25 0.11
Th/U 3.83 2.87 2.68 5.71 4.53  4.64

10* xGa/Al  1.97  3.02 2.8 2.52 227 2.6l
Zr+Nb+Ce+Y 134 268 174 158 132 308
Ty, (C) 727 764 744 732 726 809

7 . Ty, N3G Watson and Harrison (1983 ) Jy v 1158 00 4% A1 1 AL

2 AT TR 5 2 R E A 28 b 3 XUAK AR I 1) KO 38
SRR, TS BUAE R e I e h 22 1 5 2 XUAR A
MR B AR 3 s R 1 o Pitcher (1982) 0y HAR AL A
DRAE R T RE & MU 5 IR 0 S P, R B4R
%o Loiselle and Wones (1979) 2 T A BIAE i afi &, R_R
X R A BT EAR WY BRI A B 52 1 A, (H A
B R R AL 3 75 5 S0, T2 32 H AL, R %
P SO IE R SAE R BE AR IE R LU B R ( Whalen
et al. , 1987; Sylvester, 1989; Eby, 1990; Frost and Frost,
2011) A A E 2R HE— 4 3 (Eby, 19925 PR T4,

20
DM A KSUlEE O HELEE
15k + KAf oo o KLAE
x  fLIR 0 A bk
10k X LT o
%
5 ~ 2 D g
" +
= 0 CHUR—§7
e +
10k o
S15}F
20 AR BT Ml e bl 8
-25 1 1 L 1
80 90 100 110 120 130
t(Ma)
K9 RaQIIAE R E A -y (1) & FR B KI5 48 BT iff
FH GRS LY

KM PRI VY GORME BG4 45 (2012) s B B RJZ 1L = 20 A
RIATGERIE AR A 25 (2008 ) 5 AR A6 B 3t e 572 3 R 38 AL S Xu
et al. (2007)

Fig.9 t-gy (¢) diagram of the Taiwushan granite pluton
and comparison with related intrusions in the coastal area of
Fujian province

Zircon Hf isotopic compositions for granitic plutons of Changgiao,
Chengxi and Huxi after Qiu et al. (2012), and those for Nanzhen,
Dacengshan, Sansha and Dajing after Qiu et al. (2008 ). The
evolutionary area of crustal basement in eastern Cathaysia Block is

after Xu et al. (2007)

F4 RELEREEHER HIRALEITER
Table 4

granite pluton

Zircon Hf isotopic compositions of the Taiwushan

176 176 176
BEE e w20 ew() (’g:)
ZP3-01 0.068686 0.002088 0.282792 0.000066 2.71 0.99
ZP3-02 0.077138 0.002407 0.282771 0.000048 1.95 1.03
7ZP3-03 0.054510 0.001693 0.282785 0.000064 2.49 1. 00
ZP3-04 0.101655 0.003072 0.282780 0.000076 2.23 1.02
ZP3-05 0.068034 0.002168 0.282794 0.000046 2.78 0.98
ZP3-06 0.061675 0.002014 0.282785 0.000056 2.47 1.00
ZP3-07 0.064382 0.002103 0.282758 0.000052 1.51 1. 06
ZP3-08 0.060274 0.002026 0.282769 0.000050 1.90 1.04
ZP3-09 0.069296 0.002170 0.282746 0.000078 1.08 1.09
ZP3-10 0.102086 0.003216 0.282759 0.000028 1.47 1.06
ZP3-11 0.107334 0.003438 0.282777 0.000052 2.10 1.02
ZP3-12 0.131314 0.004090 0.282759 0.000052 1.42 1.07
ZP3-13 0.038248 0.001191 0.282673 0.000036 —-1.44 1.25
7ZP3-14 0.410016 0.012089 0.282758 0.000050 0.87 1.10
ZP3-15 0.071399 0.002392 0.282741 0.000050 0.89 1.10
ZP3-16 0.297999 0.008703 0.282764 0.000058 1.30 1. 08

T s A 1 R AL AR BT 808 - 70 Lu ZEAR H 5\
=1.867 x 10~ a ( Scherer et al. , 2001), Bk ki {45 ( CHUR) [
61w/ HE = 0.0332,'7¢ HE/'7 Hf = 0.282772 ( Blichert-Toft and
Albarede, 1997) , 5 bt (DM) 197 Lu/ 7 Hf =0. 0384, O Hf /77 Hf
=0. 28325 ( Vervoort and Blichert-Toft, 1999 ) ; & [ifi -5 #b 5% ( CC)
#9170 Lu/ Y HE = 0. 015 ( Griffin et al. , 2002)
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1995) , LK A i 55 48 3 2 L5 (Collins et al. , 1982
Clemens et al. , 1986; Creaser et al. , 1991; Qiu et al. , 2004 ;
Sears et al. , 2005; Bonin, 2007; Wong et al. , 2009; Li et
al. , 2012; Yang et al. , 2012; Bt R T4, 1987; ERKG A 55,
1999, 2000 ;3 /055, 2008) 4T T ) IZ IR ARIBISE o

BT RS M BRI, RIS 1S F1 A BUFE
Y E £ RTE AN RS 58 5 AN [ B 4 ik Z2 )
BIE N ( Chappell and White, 1974, 2001; Whalen et al. ,
1987; Chappell, 1999; Frost and Frost, 2011; @tk T 4%,
1995) , An WA I b, A I T B 7 0 AP I 50 1 1)
WL & TR S B A RIZE 5 5 oA S0 2
bradi (RARITAF,2007) , oAk, — ZR A R AL it )2 7
FIT B3R TE =0 8 i R 28 B H] ) o ( Whalen e al. , 1987;
Sylvester, 1989; Eby, 1990, 1992; Frost et al. , 2001) , {HX}
TSR S EARE RS, th T P 44 o5 il
I3 IE TARIEES BB R, A5 A A 9 —Sehg b xE L
PEATA RCAE G, WX R AE R A TR TR A B a1
Y250 M K Ak 22 55 22 FE 3% 4T 2545 #1 J31] ( Chappell and
White, 1992; Chappell, 1999; Wu et al. , 2004; Li et al. ,
2007 ; ZAEIGEE,2007)

SR LA AT, HAE b B s o R Re i, A/NKC (8
BT 101, CIPW AR ED 4 T 525 R vh W) 3 o0 7 & AR 7
1% IR A 00 PG h AR I A =B A AR A5
YL, AR TS BITE KA R SR AFAE . Chappell
(1999) K Jy 7 5y S BIAE R # A/NKC EHABATREMR T 1. 1,
SR (R S AR B A B TR 2 R 31 3 o 45 5 AR . BIF S
R R S BUAE B FUA K b, B AT Y o TS A B ol
FRHEREAMAVRES, BN P05 35 #EBE A 43 5 8 AL AE ]
HIHEA T T (Wolf and London, 1994) , [R] I 23 i 4 i3 &t
JUER Th.Y &AM A FEAR. KR IIAE K A P05 & it
W B, FeAI R T 0. 10% , HLEAG Fifi 43 57 A6 Fi 438 5 77 [
A2 S 6)  [ali) Th.Y 5 Rb Z [A] 2 A —€ A IETH
KR LR S S BIAE 5 5 1AL E s I B AN ]
PR AT HERR AR T S BUAE B 5 i AT RE , HOs R 2R R A
RUAE b e BR800 S5 0 T RLAE R o

Whalen et al. (1987) 2 H T — &5 L) Ga/Al( x 10*) [
SRR VL, TR0 A SRR B 2 AU B 2R 1 4K B
AN A RIFERH DL Ga/AL( x 10%) > 2.6 X5 F H e 2
TR . I3 Pl T I, Kb LAk GaAl( x10%)
AT 1,97 ~3.02, WK FX — R FRARMER i H R R S R
JET VRS R T A BN (RIS R HAT — R 5B
AR T A BITE 5 A 0 A2 2 SRR AE, s (1) S5 PR B 4R

BRCCAKIfE) 2246 T 0. 87 ~0.92 X T A BIFE K 5 19-F- 24
{8 ( =0.95, Whalen et al. ,1987) ., (2)Zr Nb.Ce.Yb Z£ 5137
MRITE S RER, Zr + Nb + Ce + Y 284L T 132 x 10 ¢ ~ 308 x
107° KT A BUAE 5G4 T FRAE (350 x 10 ™°, Whalen et al. ,
1987), fE(Zr +Nb +Ce +Y) vs. (K,0 +Na,0) /CaO ¥ 5|
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Na,0)/Ca0 3 & & (JiE E#E Whalen et al. , 1987)
OGT-1.8 Fl M BUAE i 45 X s FC-43 S i T BUAE B 4 X5 A-A TLAE
XL ] ] S

Fig. 10 (Zr +Nb + Ce + Y) vs. (K,O + Na,0)/Ca0O
diagram of the Taiwushan granite pluton ( after Whalen et
al. , 1987)
OGT-Field for I-, S- and M- type granitoids; FG-field for
fractionated I-type granitoids; A-field for A-type granitoids. Symbols

are the same as those in Fig. 5

PElfige o, AR FAARCEPETE A G S T RIE G X (1] 10)
(3) XX T A BUAE b W R AFTE A )2 1 4, (H
A HIE T @i BR 85 ( Clemens et al. , 1986; RARICAE,
2007) , H4E Watson and Harrison ( 1983 ) 41 H 1 45 1 1 Al IR
FETE 3T R LA AR I B 0 AR AR EE Dy 726 ~809°C , 5
fE AR = 4 S 1 B4R I s 1 TR OR U (730 ~779°C,
I A6z 55, 2008 ) AH AR, 1T B B AG 3 18] 37 9 v b 05 (817 ~
885°C , #i# Qiu et al. , 2004 ¥ERH1E) A UEIL (816 ~850°C ,
YEHZ R TIBORL) FIBEST(873 ~921°C , H 15,2007 ) 55 #1.54 A
RIER A 25 BRI, FATTIN R AR L 1A 1 e v 4 S 1) 1
BIAE R A o

4.2 pIEEE

LA, 1 P2 ST AL b B 2o e ) R i
C Ok B 2 A5 B UE S, B AU U S AR IR, o
SN b 5E ) T i A A B BT SR R B U ( Bergantz,
1989 ; Petford et al. , 2000; Zhou and Li, 2000; Annen and
Sparks, 2002, EFERLFEHR ,2002; FHTR, 2007) . —f%
IR LA 3 AT R S5 BUE , H— W IR 53175
RIS BT S Rl AR KSR IR O S R AR A B
Z 571 K 5 W TE i ( Griffin et al. , 2002; Belousova et al. |
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2006; Kemp et al. , 2007; Yang et al. , 2007; Li et al. ,
2012a; Zhao et al. , 2010, 2012) ; 55— Ay 2 P41 535 14 IS
"I AL A A b7, AR5 AR S WA R R RS2 R R, X Rl
A 35 1 e A TR 3 R JAE B4 7 (Pitcher et al. , 1985
Jahn et al. , 2000; Wu et al. , 2006; Zheng et al. , 2007) .
KRR LA S, HAE =S 1) b AL T 2 AL b E R AR %,
R[] 5 3 A 35 A v 0 8 P 4B i TN s AR T (O
96Ma, Kk A4 45 ,2012) , 575 W & TR AT 3% — 14, JL Rl 14
A A R S SR R A B b b ST R Nd-HE
[0 28 2H BURFHIE 1498 75 Hodme il e R 7 i 5 IR 5 LA, 45 &
REUEEREEAT o (o) (EFC T IEAH-5 FUEZ A AR AL, -
TN P2 73t 107 S 36 2o - HE7% Al 58 ) o s i ™ A 1Y)
KIFTEIIR AT NS 5 .

W PR LH o 3d i He i A R S T NS 5 R A R R
TE AL A 3 LR IR B9 S5 (1) A R PRI IR AR % 200
B oo AR (VLR I A5, 19935 PRILIE S5, 1999) , Xu et al.
(2007 ) e A T 48 8 5 A0 WIE ST, E— 2D 4 AR A B s B iE
TR TFRICEC(1. 85 ~1.87Ga,2. 10 ~2.40Ga) , [N i,
RE AR (TGI8 T AR B ) i AR5 Y HE B4R i
(0.98 ~ 1. 25Ga) FF AN B T X 5l iy il 52 A A< 44, 1 58 7T
IR LRI AP A b Fe i il A R S A S
HIRG S (2) CA BB W AL R a1 e (1)
(B AT R A (P 9) , s e U AR W 1 o 40 5
TRIFERG A £ (0) A T~ 11,6 ~ 4.5 (B AR 412 55,2008 ) ,
e 7R i v A A R KO R AN Y = T A
e (OEHI N -8.3 ~ +3.0, +1.7 ~ +10.2 f1 -2.5 ~
+3. 5 (EPAGA55,2012) o ARZHWFFERI, 41 U-Pb 4R 1%
B T &4y (o) (LB T B R A 45 s 7n L35 0 22 13
ANTA] R VR A 3 B IR A o FR (Griffin et al. 2002 ; Belousova et
al. , 2006; Yang et al. , 2007; Zhao et al. , 2010, 2012),
(3) P b v v B v A A A P R v ) e i s SRR A
BB KE A (Dong et al. , 1998 ; Xu et al. , 1999; & 4>
BEAE, 1994 ; £ 15 % g 7, 2008 5 ¥ 4% U7 45,2009 5 X158 4,
2011) , FE53d B e s 7 TR 5 A P 7 DX P g L G 3 o S 0
S e o A R L A b e 2 BB A IR S
Fr7R e E AR A VR T IE S , (AR 78 R T, YA b 5e B
FRAL, AL T IR RE TR R i PR S R AR
Y R b7 W) JEUER 4345 Rl TS G 1 4 3 I3 5 0 o A F 1 4 e
SRR AR, AL AL T —Fh a8 SR A 3 I 0 A Y
AL A RAF IR G P85, WA 7840 IR A i), —F W] L)
RAETERINRG 77 AR — A T U B AL a2 h
£1 (Fernandez and Barbarin, 1991) ,

KEMCEAE Si, 3% Ca Mg Fe, 754 Ba Sr P Ti #l Eu,
TX St TR AL 2 2H URR AR 1 W AE LSS IR TR Y 2 M IR TR
WAERG AL AR b XA T 3 — 20 1 0 B 4 R AE .
ISR EAA, S a7 YR e S EEl, A Sio,
%t % Rb/Sr Rb/Ba FL{E T, CaO \MgO Fl Fe,0," it

R, Ba Sr P Ti Eu {75 it A ANGREN , jx £ 5 #edy
7R ZAHAE 25 A B D ) — DU S IR 48 4 03 S AL E .
RAEE ST Y h EARBEITTR TR EU KN (Arth, 1976,
Hanson, 1978 ; Green and Pearson, 1986), Ba Sr . Eu iy 5 it
TR CE IR T R A T RHCA I 2> B T P AT
U] 53 53015 W R A B R ) CHNBR R A1 55 ) B 70 S 45
544 ¢ (Raith, 1995; Wu et al. ,2003) , HiBZHHZE F1EM,
HAO MR LS BB ER T I EA R, X — R
e A SR R L KA R A R A
S5) BT B AR G, TR SRR R 4 i A AU AR 03
B 25 Th/U FUE R B S R R (Bea et al. , 1994 ; Ewart and
Griffin, 1994) , M ARR LA VK B S0 2 A4, H A Th/
U HLAE (5051009 4. 64 712,68 ~5.71, 4 3) I AR W BFFAT, X
I, B3R - TT R N8 SR B IR AT 1Y 43 B 4 TR, X
S HIBGHE TR, S A1 P05 & it i F R AR RO
Wi Zh BT, KA RITE SN 407 T Z B B i
b AR RIS P 5 L A 3t S ) B Rl T B A S B 3
BTSRRI TR TR I, B S X — iR &
BG5S A A E I R B S i

5 &g

(1) R ICE A T AE A 2RLAE R, Hedl £1 U-Pb
AEIE 9 96. 9 + 1. 3Ma, Jm I 1 ALt U) 2 20 2l )

(2) R CE AR A A 2 A e LA 550 AR
fif, 541 i) Rb/Sr Rb/Ba HfE &, 3 & Cs.Rb.Th U Pb, %Y
Ba Sr.P.Ti Eu, MIIZANE EARM, 5 A7 73 57 A7 2 W
RIS, A AR AKL{E Zr + Nb + Ce + Y {58 J 547 1 1L
JERiZ A TR G A 1 R AR, JE P, 0, Bl Si0, 3 fin i
i, Th .Y 55 Rb Z [ IR B —E A IETH KL R R 28
Mot R A 22 SR s, R s PR s v o 5 1 1 B AE
SE=

(3) RERHEA I A o4 () (HHUE T IE(A S U Z 7]
(-1.44 ~2.78), — BB Hf BizU4EEY (0. 98 ~ 1. 25Ga, 1y
N 1. 06Ga) T A B IR R AR %, 45 78 iU i e P LA
BEWTHHEATZS . HEEONRY %S AR S
SEZ D1 T WA IR 5 AT e e W SO B A ) KRBT
RALHT AR B J5 X—R A K g ik — 20 i Al
B Bosa il
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