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Abstract Late Mesozoic granites, with genetically being predominantly of I-type and subordinately of A-type, are widespread along
the coastal area of Zhejiang and Fujian provinces, SE China. Previous research have focused mainly on A-type granites in this belt,
however, the I-type granites were less concerned. In this paper, four I-type plutons ( Nanzhen, Dacengshan, Sansha and Dajing) from
the northeastern coastal area of Fujian Provice were selected as examples for a detailed geochronological and geochemical study in order
to elucidate their petrogenesis. LA-ICP-MS U-Pb zircon ages for Nanzhen, Dacengshan, Sansha and Dajing are 96. 1 +2. 7Ma, 93. 1 +
2.4Ma, 91.5 = 1. 5Ma and 93. 8 + 1. 8Ma respectively, indicating that they were all generated in Late Cretaceous. These plutons
consist mainly of quartz and perthite, and frequently contain some plagioclase ( < 15% ) and minor amounts of biotite. No mafic
alkaline minerlals have been found. Titanite is common in their accessory mineral assemblage and no aluminum oversaturation minerals
have been observed. Chemically, these plutons are metaluminous (A/NKC < 1.0), and show high contents of silica and alkalis, low
abundances of calcium, magnesium and iron, and have high Rb/Sr and low K/Rb ratios. They are also enriched in Cs, Rb, Th, U,
Pb, and depleted in Ba, Sr, P, Ti, Eu. Their FeO*/MgO ratios are relatively low ( =3.44 ~5.04) , and 10* x Ga/Al ratios and Zr
+Nb + Ce + Y contents are less than that of the low-limit values of the A-type granites. Zircon saturation temperatures of them range
from 730 to 779°C which are also lower than that of the typical A-type granites. Integrated geological and geochemical data suggest that
the four plutons described in this study are highly fractionated I-type rather than A-type. Nd isotopic compositions of the four plutons
are relatively uniform( gy, (1) = =5.49 ~ —4.20) , however, zricon Hf isotopic compositions of them are highly variable with a g,(t)
variation range over 10 g, units ( = —11.6 ~4.5). Such large variation in zircon Hf isotopic compositions suggests that different
source materials have contributed to magma genesis. The granites were most likely generated via a two-stage process including formation
of parental magma by mixing of a mantle-derived basaltic magma and a crustal felsic magma in the deep crust and subsequently
extensive magmatic differentiation of the parental magmas, rather than originated from partial melting of a mixed crustal protolith with
both pre-existing ancient basement crust and juvenile crust formed by underplating of mantle-derived magma.
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Mesozoic granites in the coastal area of northeastern Fujian

Sketch map showing the distribution of Late

Province

1- granite plutons studied in this paper; 2- the other granite plutons
beyond this study; 3- syenite porphyry; 4- Cretaceous volcanic rocks
of Shimaoshan Group; 5- Jurassic-Cretaceous volcanic rocks and
pyroclastic sedimentary rocks of Xiaoxi Formation; 6- Jurassic
volcanic rocks of Nanyuan Group; 7- fault( (D)Changle-Nan’ao fault,
() Zhenghe-Dapu fault ) ; 8- sampling localities for zircon U-Pb

dating; 9- provincial boundaries
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Fig.2 Representative photomicrographs of the highly fractionated I-type granites in the coastal area of northeastern Fujian Province
(a)-(b)-Dacengshan pluton; (c¢)-(d)-Dajing pluton; (e)-(f)-Nanzhen pluton; (g)-(h)-Sansha pluton. All microphotos are taken under crossed

nicols. Q-quartz; Per-perthite; Pl-plagioclase; Bi-biotite; Mus-Bi-biotite with muscovitizaion; Sph-sphene
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Table 1 LA-ICP-MS zircon U-Pb dating results of the highly fractionated I-type granites in the coastal area of northeastern Fujian

Province
[Fl 7 % HL AR i (Ma)
?‘mu%)ﬁ% Th/U 207 Pb/Zl)6 Pb 207 Pb/235 U 206 Pb/238 U 207 Pb/235 U 206 Pb/238 U
el +lo A +lo HAE +lo AR +lo Y +lo

BHUA R (RS S BB AR KR . N27°07703. 6”7, E120°22'25. 6")
NZ-1 1.59 0. 06153 0. 00366 0. 12841 0. 00425 0.01514 0. 00038 123 4 97 2
NZ-2 1.02 0. 04874 0. 00275 0. 1022 0. 00279 0. 01521 0. 00038 99 3 97 2
NZ-3 0. 87 0. 04814 0. 00276 0. 10874 0.00316 0.01638 0. 00041 105 3 105 3
NZ4 2.15 0. 06856 0. 0063 0. 13066 0. 00988 0.01382 0. 00042 125 9 88 3
NZ-5 1.38 0. 05212 0. 0041 0.11308 0. 00683 0.01573 0. 00043 109 6 101 3
NZ-6 1.74 0. 06699 0. 00412 0. 14461 0. 00526 0. 01565 0. 00039 137 5 100 2
NZ-7 0.92 0.07811 0.01308 0. 1389 0. 02267 0.0129 0. 00048 132 20 83 3
NZ-8 1.15 0. 04939 0.00313 0. 10076 0. 00397 0. 01479 0. 00038 97 4 95 2
NZ-9 0.70 0. 05571 0.00413 0. 12091 0. 00659 0.01574 0. 00042 116 6 101 3
NZ-10 1. 14 0. 04951 0. 00628 0.09338 0.01149 0.01368 0. 00041 91 11 88 3
NZ-11 1.56 0. 05015 0. 00358 0. 1061 0. 0054 0.01534 0. 0004 102 5 98 3
NZ-12 2.26 0. 05681 0. 00363 0.11395 0. 00458 0. 01455 0. 00037 110 4 93 2
NZ-13 1.22 0. 04956 0. 00406 0.10478 0. 00676 0.01533 0. 00042 101 6 98 3
NZ-14 0.99 0. 05911 0.01678 0.11143 0.03124 0. 01367 0. 0006 107 29 88 4
NZ-15 1.20 0. 05691 0. 00686 0.12797 0. 01494 0.01631 0. 00049 122 13 104 3
NZ-16 1.14 0. 05757 0. 00903 0. 11696 0.01794 0.01473 0. 00048 112 16 94 3
NZ-17 1.02 0. 04817 0. 00284 0. 10057 0. 00321 0.01514 0. 00038 97 3 97 2

KIZ AR (R S 2455 Ay« N27°0030. 47, E120°1422.57)

DCS-1 2.15 0. 04993 0. 00436 0. 10442 0. 00755 0.01515 0. 00041 101 7 97 3
DCS-2 2.53 0. 0782 0. 0049 0. 15745 0. 00634 0. 01459 0. 00037 148 6 93 2
DCS-3 1.51 0. 0587 0. 00838 0. 10548 0. 01471 0. 01303 0. 0004 102 14 83 3
DCS4 1.91 0. 05361 0. 00765 0. 10582 0.01397 0.01431 0. 00052 102 13 92 3
DCS-5 1.66 0. 06594 0. 00362 0. 14321 0. 00387 0.01575 0. 00039 136 3 101 2
DCS-6 1.51 0. 05889 0. 00809 0.11535 0. 01544 0.0142 0. 00043 111 14 91 3
DCS-7 2.10 0. 05641 0. 00431 0. 1203 0.00711 0. 01547 0. 0004 115 6 99 3
DCS-8 3.74 0. 05734 0.00314 0. 12097 0. 00319 0.0153 0. 00038 116 3 98 2
DCS9 1.58 0. 04734 0. 00498 0.10137 0.01031 0.01553 0. 00042 98 10 99 3
DCS-10 2.30 0. 06335 0. 00974 0. 12744 0.01916 0.01459 0. 00047 122 17 93 3
DCS-11 2.54 0. 04823 0. 00476 0. 10096 0. 00864 0.01519 0. 00041 98 8 97 3
DCS-12 2.51 0.05916 0. 00399 0.11733 0. 00547 0. 01439 0. 00037 113 5 92 2
DCS-13 1.63 0. 0551 0. 00327 0. 1042 0. 00355 0.01372 0. 00035 101 3 88 2
DCS-14 1.74 0. 04869 0. 003 0. 09586 0. 00364 0.01428 0. 00037 93 3 91 2
DCS-15 2.84 0.07011 0. 00416 0. 137 0. 00461 0.01418 0. 00036 130 4 91 2
DCS-16 2.83 0. 06949 0. 00493 0. 15415 0. 00786 0. 01609 0. 00043 146 7 103 3
DCS-17 1.22 0. 04605 0. 00504 0. 084 0. 00888 0.01323 0. 00037 82 8 85 2
DCS-18 2.62 0. 04998 0. 00278 0. 09929 0. 00265 0. 01441 0. 00036 96 2 92 2
DCS-19 1.86 0. 04605 0. 00487 0. 09368 0. 00958 0.01476 0. 00040 91 9 94 3

U CRE A A bR . N26°55738. 8", E120°11703. 2")
SAN-1 4.33 0. 05019 0. 00355 0. 09779 0. 00488 0.01413 0. 00036 95 5 90 2
SAN-2 2.42 0.05918 0.01011 0. 12040 0. 02020 0.01475 0. 00048 115 18 94 3
SAN-3 2.26 0. 06669 0.01189 0. 12231 0.02138 0. 01330 0. 00046 117 19 85 3
SAN-4 2.81 0. 05855 0. 00398 0. 11385 0. 00524 0.01410 0. 00036 109 5 90 2
SAN-5 2.26 0. 06368 0. 00362 0. 13195 0. 00369 0. 01503 0. 00037 126 3 9 2
SAN-6 2.30 0.0579 0. 0084 0.11288 0. 01601 0.01414 0. 00043 109 15 91 3
SAN-7 1.99 0. 06218 0. 0043 0. 12494 0. 00601 0.01457 0. 00037 120 5 93 2
SAN-8 2.16 0. 06314 0. 00994 0.12107 0. 01864 0.01391 0. 00045 116 17 89 3
SAN-9 1.84 0. 0485 0. 00355 0.10176 0. 00545 0.01522 0. 0004 98 5 97 3
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Continued Table 1
A3 2 LB AFHE (Ma)
(mﬂz)\i% '“’l/ U 207 Pb/206 Pb 207 Pb/235 U 206 Pb/238 U 207 Ph/235 U 206 Pb/238 U
s +lo &1 +lo oA +lo AW +lo e
SAN-10 1.78 0. 05162 0. 00654 0. 10295 0.01268 0. 01446 0. 00042 99 12 93 3
SAN-11 2.04 0. 04762 0. 00579 0. 09364 0.01108 0.01426 0. 0004 91 10 91 3
SAN-12 1.30 0. 04879 0. 00502 0. 09452 0. 00937 0. 01405 0. 00039 92 9 90 2
SAN-13 1.49 0. 05707 0. 0069 0. 11266 0.01321 0.01432 0. 00042 108 12 92 3
SAN-14 1.86 0. 05752 0. 00887 0. 11099 0.01675 0.01399 0. 00044 107 15 90 3
SAN-15 1.67 0. 05415 0. 00352 0. 10577 0. 00446 0.01416 0. 00037 102 4 91 2
TR (CBE S 5 2 25 AR . N26°38°07. 4”7, £120°06'30. 9”)
DJ-1 0.28 0. 04832 0. 00422 0. 09842 0. 00826 0.01477 0. 00034 95 8 95 2
DJ-2 0. 10 0. 04929 0. 0026 0. 10015 0. 00484 0.01473 0. 00028 97 4 94 2
DJ-3 0.42 0. 04605 0. 00248 0. 08876 0. 00436 0.01398 0. 00031 86 4 90 2
D]4 0.41 0. 04932 0. 00294 0.10282 0. 00571 0.01511 0. 0003 99 5 97 2
DJ-5 0.25 0. 04778 0.00185 0. 09739 0. 00323 0.01478 0. 00026 94 3 95 2
DJ-6 0. 48 0. 04855 0. 00612 0. 09794 0. 01201 0.01463 0. 00041 95 11 94 3
DJ-7 0.28 0.05173 0. 01009 0.1017 0.01956 0.01426 0. 00047 98 18 91 3
DJ-8 0.10 0. 04824 0. 00543 0. 09522 0.01036 0.01431 0. 0004 92 10 92 3
DJ9 0.34 0.05018 0.0017 0.10214 0. 0028 0.01476 0. 00025 99 3 94 2
DJ-10 0.49 0. 05017 0. 004 0. 10184 0. 00775 0.01472 0. 00032 98 7 94 2
DJ-11 0.37 0. 04605 0. 00275 0. 08593 0. 00464 0.01353 0. 00034 84 4 87 2
DJ-12 0. 36 0. 04962 0.00515 0.10181 0.01016 0.01488 0. 0004 98 9 95 3
DJ-13 0.09 0. 05056 0. 00432 0. 10722 0. 00875 0.01538 0. 00036 103 8 98 2
DJ-14 0.28 0. 0485 0. 00245 0. 10084 0. 00462 0.01508 0. 00028 98 4 96 2
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Fig.3 CL images, localities of the points for LA-ICP-MS measurements and the **Ph/** U apparent ages of zircons from the highly

fractionated I-type granites in the coastal area of northeastern Fujian Province
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Fig.4 U-Pb concordia diagrams of zircons from the highly fractionated I-type granites in the coastal area of northeastern Fujian

Province
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Table 2 Chemical compositions and main geochemical
parameters of the highly fractionated I-type granites in the coastal

area of northeastern Fujian Province

NZ-1 NZ2 DCS-1 DCS2 SAN-1 SAN2 DJ-1 DJ=2
(H () @) (2) (2 () (1) ()
FEITE (Wt%)

Si0, 76.24 77.17 75.67 76.06 75.95 76.87 75.26 77.03
TiO, 0.13 0.11 0.16 0.14 0.13 0.12 0.16 0.11
ALO; 12.75 12.17 12.92 12.63 12.80 12.34 13.04 12.50
Fe,0; 0.85 0.79 1.02 1.03 0.90 0.84 1.11 0.73
MnO 0.06 0.02 0.08 0.07 0.07 0.06 0.08 0.07
MgO 0.22 0.17 0.20 0.21 0.17 0.15 0.29 0.18
Ca0  0.51 0.32 0.43 0.39 0.38 0.29 0.67 0.42
Na,0 4.18 4.09 4.45 4.33 4.39 4.33 4.41 4.07
K,0 4.58 4.57 4.74 4.76 4.79 4.56 4.47 4.61
P,05 0.06 0.05 0.06 0.06 0.05 0.05 0.07 0.05
Pede 0.47  0.38 0.49 0.43 0.28 0.47 0.37 0.43
WA 100.2 99.9 100.3 100.2 100.0 100.1 100.0 100.2
ALK 8.76 8.66 9.19 9.09 9.18 8.8 8.88 8.68
K/Na 1.10 1.12 1.07 1.10 1.09 1.05 1.01 1.13
AKI  0.93 0.96 0.96 0.97 0.97 0.98 0.93 0.94

F5




BiEAS . BELRLESS T IRLK ZHRE: 45 U-Pb FRF Wik Ff Nd-Hf 12 EH % 2475
&gR2 K E ARG 454 (18] 3¢) o HEPh/P U 4E 184 T 85 ~
Continued Table 2 97Ma 7 [A], I {2 HH7E 90 ~ 94Ma, Hiix 15 M%7 kit
o NZ-1 NZ2 DCS-1 DCS2 SAN-1 SAN-2 DJ-1 DJ-2 B Ph/ PP U AR G A T S EE R 91. 5 + 1. SMa( MSWD
5
(D () @ @ @ () D (D R R AR
A/NKC  1.00 0.99 0.98 0.97 0.98 0.98 0.98 1.00 N . . .
By NI [ VRS o HH—2k 3
AR 441 4.80 500 4.97 4.9 536 4.61 4.41 ‘ kﬁﬁﬁ:ﬁ“‘J%Eaf&ﬁé’@ﬁ RECRIES 2 S
FeO* / Rt E B R AR, KR Y 100pm ~ 300pm, K 58
’ 3.48 4.18 4.59 4.41 4.76 5.04 3.44 3.65 . . S i i
MgO EE— MK+ 2.5 1 1,854 CL B EL3E Wi i) 25 3 PR 3% 2R 7l
D. L 96.0 97.2 96.6 96.9 97.1 97.6 95.0 96.6 R (E 3d) o ARRIHZ SRR E T 14 A’E*F,'ﬁé’]@ﬂé‘,
MEILE (x107°%) 206 23871 207 235
Pbh/7U-""Pb/"" U A5 DJ-7
Cs 2.40 2.29 2.68 2.01 2.43 1.52 2.48 2.45 1 ORI | BR AR R (DIT) 3R
Rb 207 184 167 165 164 153 165 212 Eiﬁdﬁﬁﬁ‘ﬁlﬂ%ﬁa%wﬁﬂéﬂzZ%,/\%@ E‘Jjﬂj’jﬂﬁ'/fl ﬂ]éjg I“
Sr 39.37 26.27 22.05 13.39 8.80 4.74 64.00 19.41 BB LT (& 4d) I FNEEITE 95% L b, 575 9 0 85 44
Ba  143.5 108.2 85.0 53.8 30.5 13.4 415.6 67.0 S 1 S PR S 14 AR 5 A 97 Ph/2R U
U 6.70 4.49 4.45 3.16 3.01 3.37 3.39 4.12
SV ~ . Vaiy 5 R 470 > /\
Th  27.36 24.43 18.02 15.51 12.24 10.34 14.87 24.84 AT 87 ~98Ma Z ], 2 AL BERL/I, % 14 A5 41
Pb 38.44 22.02 22.65 20.36 20.73 17.58 21.74 28.61 SRR T 097 P/ U AR S G AT S R 93.8 =
Nb  16.17 17.45 18.13 18.08 15.52 13.33 13.94 15.66 1. 8Ma( MSWD = 2. 0,20 ) , 35 —4F 8 1] L) A8 352 4 1 1 25 5
Ta .43 1.53 1.18 1.20 1.11 0.94 1.01 1.08 e
Ir 106 103 154 133 124 90 105 80 e
HE 473 4.92 5.80 549 522 3.70 4.09 3.93 LiERTIA, BT SE 4 A R AR I AT, 24 1 90 ~
Ga  11.20 14.95 16.47 13.52 12.12 10.21 12.74 11.71 100Ma 2 [8] , & BH & AT TX5 Ay iee 1 2 5 253 s 1 7= 00
Y 12.74 21.24 24.14 15.50 14.69 9.46 17.40 7.46
Se 0.87 1.89 2.40 1.68 0.97 0.38 1.35 1.17
v 514 1.89 4.69 3.57 2.79 2.03 6.88 3.48 — “w
Co .00 0.19 0.41 0.37 0.27 0.09 0.78 0.28 4 JLFHEkIES:
K/Rb 183 206 236 240 243 247 225 180 »
| e £ N 'S =AU = N <
Rb/Sr  5.27 7.02 7.56 12.31 18.61 32.34 2.57 10.93 AR 2 HUH T FIITERY 4 A5 U FhE RO R 10K
10* W52 25 - M 2 B TR I RS H
Corap 166 232 241 202 179 156 185 177 b 2 P AT 75 1 e 2 4L - LA
i botH (x107°) HEEREE: (1) %ﬁ,SlOz BHITET5% uL,%ﬁi‘E%ﬂzl@
DU NE TN ST R TR, (0
e . . . E . . . . o
Pr 407 404 681 529 471 3.22 5.51 3.54 Or:%@%qﬂ iﬁ& fﬁ Xg’% (SUbSOIVUS gramte)l:
Nd  13.03 13.52 22.60 16.90 15.17 10.37 19.49 9.99 (E5). (2) R, A/NKC /N T 1.0, CIPW FRifl a4y H
Sm 2.12 3.12 3.73 2.66 2.84 1.91 3.66 1.29 AN E 5T, 5 S BT =i L& 48 (A/NKC > 1.1,
Eu 0.22 0.17 0.28 0.20 0.18 0.13 0.48 0.14 CIPW ﬁ{/ﬁf%qzmjr_ T > 1% Chappell and White,
LT aT e I m L AN R, ()RAE K0 o
’ ’ ’ ’ ' ’ ' ’ 6 ~9.1 e K, =1.01 ~1.1
Dy  1.89 3.63 4.06 2.61 2.56 1.99 2.99 1.0l 8. 68% 95 0% ﬂmﬁ . O/Nazo 0 3o
Ho 0.4 0.79 0.84 0.55 0.54 0.39 0.61 0.22 ARIREETE S (AKTH) /v F 0. 93 ~ 0. 98, TR AR H (A R
Er 1.48 2.77 2.63 1.70 1.69 1.20 2.00 0.85 fH) A4k T 4. 41 ~5.36, 7 A/NKC-A/NK £ R E I, B i S
Tm 0.25 0.45 0.46 0.30 0.25 0.17 0.29 0.16 igﬁ;;ggmjzyﬁ%g[:([gsa),ESiOZ-A.R%%E}L,ﬁéﬁ,&.,ﬁ
LM LR e On L G ). KA B
il / *"L“'“*AKI 3 1.0.0.9 ~1.0
SREE  96.33 93.52 151.42 121.87 115.33 84.22 125.66 85.47 Mﬁ*ﬂ%ﬁ)ﬂé“mﬁ ffor (> ] A <
LREE/ 0.9) , XA KATHE M RIRPEE A . (4) 8k VBE 45 K
REp 1061 5.36 8.63 10.82 10.64 10.93 9.43 16.13 B A BEE T B 5 TR T 221 T 5 B 1
(La/Yb)y 8.59 4.26 7.69 9.61 10.28 10.70 8.90 12.98 A S AVER]
(La/Sm)y 6.84 3.89 5.69 6.47 554 507 4.70 11.92 B TEZ LR I L 4% Sk R R EE 8 Cs . Rb.Th .U Pb,
(G&/Yb)y 0.84 0.79 1.01 1.05 1.25 1.58 1.28 0.71 . _
% Ba . Sr.P.Ti, 5% Nb.Ta 1y & & 2, /7
SEu  0.34 0.17 0.23 0.24 0.20 0.21 0.42 0.36 P BT #"ﬁﬁﬁm? a Wy et (R 2, | 7).
7,(°C) 751 750 779 767 761 737 747 730 Rb/Sr F{HAE(L T 2. 57 ~32.34, K/Rb HfH AT 180 ~ 247,

Fe,01 Jy 44k, ALK =K,0 +Na,0; K/Na=K,0/Na,0; AKI =n
(Nay0 +K,0)/n(AL0,); A/NKC =n(Al,0;)/n(Na,0 +K,0
+Ca0) 5 A R-BHEERIGHG D L4364 T,

and Harrison (1983) J7 &1 ROAS A1 {R ARG IE o

## Watson

FEBRITEK (V. Co) & 2 AK, I8 /m A R o S AL R %
A AR LT R A R IE SRR IO £ SRR, SREE
=84.22 x 107 ~ 151.42 x 10™°; & % # +, LREE/HREE =
5.36 ~16. 13, (La/Yb) \ =4. 26 ~ 12. 98, H: 255 + 14048
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Fig.5 Q-Ab-Or triangle diagram of highly fractionated I-

type granites in the coastal area of northeastern Fujian
Province, indicating that all the studied plutons are of
subsolvus granites ( after Tuttle and Bowen, 1958)
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Fig. 7 Primitive mantle-normalized spidergrams for trace
elements of the highly fractionated l-type granites in the
coastal area of northeastern Fujian Province
The primitive mantle normalization values are from McDonough and

Sun (1995)
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Fig.6 A/NKC -A/NK (a) and SiO,-A.R (b) diagrams of the highly fractionated I-type granites in the coastal area of

northeastern Fujian Province

The base map is after Maniar and Piccolli (1989) for figure (a), and from Wright (1969) for figure (b). Symbols are the same as those in Fig. 5
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®T i 4 00 46 HE [ {37 % 20 A ( Griffin et al. , 2004;
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Province

exa(1)-t (a) and g4, (2)-t (b) diagrams of the highly fractionated I-type granites in the coastal area of northeastern Fujian

A-Proterozoic crust with lower maturity; B-Proterozoic crust with higher maturity; DM-depleted mantle; CHUR-chondrite uniform reservoir. The base

map for figure (a) is after Shen er al. (1993). Symbols are the same as those in Fig. 5
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®3 BELFABESHRIEERSE Sm-Nd BLEAR

Table 3 Sm-Nd isotopic compositions of the highly fractionated I-type granites in the coastal area of northeastern Fujian Province

ESEIN kS Sm( x107%) Nd( x1076) 475/ Nd 3 Nd/ ™ Nd ena (1) tpw(Ga)  f(%)

NZ-1(1) 2. 14 13.17 0. 0984 0.512295 = 10 -5.5 1.34 54

i
NZ-2(1) 3.54 13. 86 0. 1396 0.512325 £09 -5.4 1.34 54
DCS-1(4) 3.65 21.95 0. 0998 0. 512308 +09 -5.3 1.32 55

K2
DCS-2(2) 2.77 17.05 0. 0952 0.512301 =11 -5.4 1.33 54
SAN-1(2) 2.95 15. 45 0.1133 0.512310 £09 -5.4 1.33 54

=
SAN-2(1) 2.01 10. 57 0.1114 0.512320 06 -5.2 1.32 55
DJ-1(1) 3.32 19. 04 0.1136 0.512372 £05 -4.2 1.24 60
N DJ2(1) 1.45 10. 17 0. 0781 0.512344 £09 -4.3 1.25 59

S H9¥% DePaolo et al. (1991) JyykiHHamy5e i — s il & 7k R i 4 o3 7 o5 L), 35 A0 - f= (Nd/Nd,,,) /[ (Nd./Nd,, ) +
(en-2,)/(g,-e.) ] Nd, Nd, 73 5IRRMSE AT Nd IFE &, o e, S0 HRFRFE R B e FIHIE Y ey, (0)
HAETH Nd, =25 x107°, Nd,, =15x107°, g, = -15, &, = +8

F4 BEEFBEBSHSR 1 EELRE LA-MC-ICP-MS $7 Hf B RSTER
Table 4 LA-MC-ICP-MS zircon Lu-Hf isotopic compositions of the highly fractionated I-type granites in the coastal area of northeastern

Fujian Province

M 5 176Yh/ " HE 176 Lu/"7 HE O HE/ 1T HE 20 ey (0) enr(1)  tom(Ga) i (Ga) Sl
FHUAMA (1 =96. 1Ma)
NZ-1 0. 06759 0. 00222 0. 282683 0. 000048 -3.2 -1.2 0. 83 1.23 -0.99
NZ-2 0. 04210 0. 00139 0. 282637 0. 000040 -4.8 -2.8 0.88 1.33 -1.00
NZ-3 0. 06134 0. 00204 0. 282643 0. 000048 -4.6 -2.6 0. 89 1.32 -0.99
NZ-4 0. 03573 0.00123 0. 282604 0. 000052 -6.0 -3.9 0.92 1.40 -1.00
NZ-5 0. 04457 0. 00151 0. 282631 0. 000050 -5.0 -3.0 0. 89 1.35 -0.99
NZ-6 0. 03817 0. 00131 0. 282651 0. 000056 -4.3 -2.3 0. 86 1.30 -1.00
NZ-7 0. 17362 0. 00554 0. 282519 0. 000064 -9.0 -7.2 1.18 1.61 -0.98
NZ-8 0. 04831 0. 00154 0.282712 0. 000050 -2.1 -0.1 0.78 1.16 -0.99
NZ-9 0. 05993 0. 00197 0. 282738 0. 000046 -1.2 0.8 0.75 1. 11 -0.99
NZ-10 0. 03965 0. 00133 0. 282664 0. 000048 -3.8 -1.8 0. 84 1.27 -1.00
NZ-11 0. 05064 0. 00163 0. 282697 0. 000048 -2.7 -0.7 0. 80 1.20 -0.99
NZ-12 0. 05883 0.00185 0. 282670 0. 000044 -3.6 -1.6 0. 84 1.26 -0.99
NZ-13 0. 07141 0. 00219 0. 282731 0. 000038 -1.5 0.5 0.76 1.12 -0.99
NZ-14 0. 05230 0. 00158 0. 282649 0. 000050 -4.4 -2.4 0. 87 1.31 -0.99
NZ-15 0. 03097 0. 00099 0. 282668 0. 000054 -3.7 -1.7 0.83 1.26 -1.00
NZ-16 0. 06323 0. 00202 0. 282670 0. 000038 -3.6 -1.6 0. 85 1.26 -0.99
RIZUEER(1=93. 1Ma)
DCS-1 0. 06001 0. 00204 0.282712 0. 000046 -2.1 -0.2 0.79 1.17 -0.99
DCS-2 0. 04568 0. 00154 0. 282478 0. 000032 -10.4 -8.5 1. 11 1. 69 -0.99
DCS-3 0. 07249 0. 00239 0. 282623 0. 000050 -5.3 -3.4 0.92 1.37 -0.99
DCS4 0. 05306 0. 00174 0. 282653 0. 000038 -4.2 -2.3 0. 87 1.30 -0.99
DCS-5 0. 04327 0.00148 0. 282468 0. 000046 -10.8 -8.8 1.12 1.71 -0.99
DCS-6 0. 04965 0. 00159 0.282437 0. 000032 -11.9 -9.9 1.17 1.78 -0.99
DCS-7 0. 04559 0. 00146 0. 282624 0. 000036 -5.2 -3.3 0.90 1.36 -0.99
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W5E mi 5 176/ HE 176 Lu/ "7 HE S HE/ T HE 20 ey (0) enr(t)  tom (Ga) iy (Ga)  frome
DCS-8 0.06191 0.00192 0. 282606 0. 000040 -5.9 -4.0 0.94 1.40 -0.99
DCS-9 0.06103 0. 00190 0. 282503 0. 000034 -9.5 -7.6 1.09 1.63 -0.99
DCS-10 0. 04530 0.00144 0. 282527 0. 000048 -8.7 -6.77 1.04 1.58 -0.99
DCS-11 0.07719 0. 00246 0. 282677 0. 000044 -3.4 -1.5 0.85 1.25 -0.99
DCS-12 0. 03856 0. 00130 0. 282543 0. 000040 -8.1 -6.1 1.01 1. 54 -1.00
DCS-13 0. 06776 0. 00215 0. 282565 0. 000036 -7.3 -5.4 1.00 1.50 -0.99
DCS-14 0. 04026 0.00126 0. 282636 0. 000044 -4.8 -2.9 0. 88 1.33 -1.00
DCS-15 0. 03854 0.00132 0.282711 0. 000042 -2.2 -0.2 0.77 1.17 -1.00

=V A (1 =91. 5Ma)
SAN-01 0. 08175 0. 00245 0. 282591 0. 000060 -6.4 -4.6 0.97 1. 44 -0.99
SAN-02 0. 09777 0. 00329 0. 282561 0. 000058 -7.5 -5.7 1.04 1.51 -0.99
SAN-03 0. 08580 0. 00253 0. 282548 0. 000054 -7.9 -6.1 1. 04 1.54 -0.99
SAN-04 0. 12499 0. 00362 0. 282575 0. 000048 -7.0 -5.2 1.03 1.48 -0.99
SAN-05 0. 09003 0. 00280 0. 282635 0. 000046 -4.9 -3.0 0.92 1.34 -0.99
SAN-06 0. 06408 0.00192 0. 282662 0. 000038 -3.9 -2.0 0. 86 1.28 -0.99
SAN-07 0. 12052 0. 00355 0. 282771 0. 000068 -0.1 1.7 0.73 1.04 -0.99
SAN-08 0. 09165 0. 00297 0. 282644 0. 000058 -4.5 -2.7 0.91 1.32 -0.99
SAN-09 0.16707 0. 00456 0. 282395 0. 000094 -13.4 -11.6 1.34 1. 88 -0.98
SAN-10 0. 07500 0. 00223 0. 282622 0. 000042 -5.3 -3.5 0.92 1.37 -0.99
SAN-11 0. 07879 0. 00219 0. 282598 0. 000046 -6.2 -4.3 0.96 1.42 -0.99
SAN-12 0. 18258 0. 00520 0.282816 0. 000064 1.5 3.2 0.70 0.95 -0.98
SAN-13 0. 10273 0. 00301 0. 282637 0. 000046 -4.8 -3.0 0.92 1.34 -0.99
SAN-14 0.07912 0. 00240 0. 282622 0. 000034 -5.3 -3.5 0.93 1.37 -0.99
SAN-15 0. 08847 0. 00289 0. 282767 0. 000048 -0.2 1.6 0.72 1.05 -0.99
RECEM (1 =93. 8Ma)
DJ-01 0. 04799 0.00152 0. 282684 0. 000044 -3.1 -1.2 0. 82 1.23 -0.99
DJ-02 0. 09760 0. 00295 0. 282677 0. 000042 -3.4 -1.5 0. 86 1.25 -0.99
DJ-03 0. 06936 0. 00226 0. 282598 0. 000038 -6.2 -4.2 0.96 1.42 -0.99
DJ-04 0. 04025 0.00128 0.282517 0. 000042 -9.0 -7.0 1.05 1. 60 -1.00
DJ-05 0. 08927 0. 00281 0. 282620 0. 000050 -5.4 -3.5 0.94 1.38 -0.99
DJ-06 0. 05567 0.00189 0. 282650 0. 000046 -4.3 -2.4 0. 87 1.30 -0.99
DJ-07 0. 07083 0. 00238 0. 282709 0. 000048 -2.2 -0.3 0. 80 1.17 -0.99
DJ-08 0. 04420 0. 00155 0. 282579 0. 000050 -6.8 -4.9 0.97 1.46 -0.99
DJ-09 0. 07263 0. 00248 0. 282656 0. 000042 -4.1 -2.2 0. 88 1.29 -0.99
DJ-10 0. 05513 0. 00190 0. 282664 0. 000050 -3.8 -1.9 0.85 1.27 -0.99
DJ-11 0. 04730 0. 00156 0.282722 0. 000046 -1.8 0.2 0.76 1. 14 -0.99
DJ-12 0.05172 0.00172 0. 282700 0. 000054 -2.6 -0.6 0. 80 1.19 -0.99
DJ-13 0. 06991 0. 00224 0. 282490 0. 000062 -10.0 -8.1 1. 11 1. 66 -0.99
DJ-14 0. 08088 0. 00264 0. 282845 0. 000072 2.6 4.5 0. 60 0.87 -0.99
DJ-15 0. 03227 0. 00105 0. 282740 0. 000044 -1.1 0.9 0.73 1. 10 -1.00

Frhiha HE RO BT S E0 . 7O Lu AR R A =1. 865 x 10 ™" a(Scherer et al. , 2001) , Bk BiA (CHUR) 17 Lu/ 7 HE
=0.0332,"7°Hf /7 Hf = 0. 282772 ( Blichert-Toft and Albarede, 1997 ), % 4 b #8 ( DM) ("7 Lu/"7 Hf = 0. 0384 ,'7° Hf /"7 Hf = 0. 28325
( Vervoort and Blichert-Tolf, 1999) ; JcihEHHba% (CC) 1970 Lu/'7 Hf = 0. 015 ( Griffin et al. ,2002)
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Hf model ages for the highly fractionated I-type granites in

the coastal area of northeastern Fujian Province
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FE S IR ST 43 1 AR BRI (ol IR 161 G, 2001 ), BRI
AR AP IE A R SR 2k TR S RV A 8, Hoo
DL TRIAN S B0k 3 F ik = 2878 5 W 8 B R S
RIS, e A I A B A M 2R 1Y B B R
EFNW PR =20 K A B E T HA SR AR (R AR A,
2007) , itk Ab, — Z 3 Hb 5K 4k 2% K] % ( Whalen et al. , 1987
Sylvester, 1989; Eby, 1990) 73 5il 3% =35 18 i< & .15 3
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FLERERE, A/NKC (34 7E 1.0 LR, CIPW AR dER™ #) b R
IR 53T, B9 20 4 vh s L AR 0 TR L R
Y, B AFFHMEEEN S M A, R0 S BTE
=i A/NKC {8 7] GE i Ik, (H e 76 1.0 LA L= ( Chappell,
1999) , INZ X 2L a1 HY P, 0535 AR ( <0.10% ) ,Rb Th
ZIRIEWE RS HBR T B8 T S B & A ]
fE, L, X Se A IR P BRI 2R A Bl Ry A B, Bk R A A T
B XTI AR RIS, BT B AT R A
Fat , BRI DAE Z2A 020 B S TR B AR < AT I o A Y
e, Fe Bl b & 4 5 A AI4E K 2 (aluminous A-type
granite ) B AAR Y, AT 3 DA A AS B ik Bk B A 4 1Y) b
B AL B A AT I @ BB 5T A BUTE b 5 Y R, (R SEBR b dbil
PR 1 1 30 R S I A R B AR, I A DT B R R I
S35l HREEYEN A BUAE A FT R R A0 bR A, B R
B TE i 1 BRI SRR T DA A B8 i m] DUR 25,

LTRSS 0 A BT, B TRA W AT A 2178
M — RN A AT, R ERBAE: (1) RE B
T B E, H FeO” /MO WARBAR(3.44 ~5.04) , 51 F
A B 2 B R ARIE (FeO ™ /MgO > 10, Whalen et al. |
1987) ; (2) XL A R Ga & ALK, 10" x Ga/Al HUAH AR 4k
F 1.56 ~2. 32, B B A F Whalen et al. (1987) &L A #ifE
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Fig. 11 Various chemical discrimination diagrams for the highly fractionated I-type granites in the coastal area of northeastern

Fujian Province
(1987).

The base maps for figures (a)-(e) are from Whalen et al.

unfractionated I-, S-and M-type granites;

I, S, M and A denote I-, S-, M- and A-type granites respectively.

OGT-

FG-fractionated I-type granites. The base map for figure (f) is after Sylvester(1989), and the fields for

each rock type are delineated according to the data points on the original plot. The legends are the same as those in Fig. 5

M T BRME (2. 60) , H Zr Nb . Ce Y TR I & =K, Zr
+Nb+Ce+Y =144 x 10 ° ~265 x 10 ~°, 111 i Z{% T Whalen
et al. (1987)FEI A BIFE 5 A 1Y FFRAE (350 x 107°) , 7E
Pk Ga/ Al LB A HEAG A 2 R0 00 B L, BT AR A
RIAE A X (B 1a-d) . FEX A A BUERK S 5050 1R
I A TN B AR b B S AR RIE i S ) T RUAE
AR (E 1le-f) 5 (3) i3k Ee 5 A 1Y 55 4 1 AR (Watson and
1983) AFfbF 730 ~779°C (% 2) , th B E ML F LB
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Fig. 12 Sr-Ba (a) and La-(La/Yb)y(b) diagrams showing the fractional crystallization trends for the highly fractionated I-type

granites in the coastal area of northeastern Fujian Province

Partition coefficients of Sr and Ba used in Fig. (a) are from Blundy and Shimizu(1991) for plagioclase, and from Ewart and Griffin(1994) for other

minerals. The fractionation trends for accessory minerals shown in Fig. (b) are from Wu et al. (2003a), and the data on the lines represent the

fractionation degree. Pl, o -plagioclase with An =10; Pl, - plagioclase with An =50; Kf-K-feldspar; Bi-biotite; Amp-amphibole; Zr-zircon; Sph-

sphene; Ap-apatite; Mon-monazite, Allan-allanite. Symbols are the same as those in Fig. 5
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