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Abstract The coastal SE China is characterized by emplacement of Late Mesozoic bimodal igneous rocks that show an equal-
isotopic feature across a wide spectrum of rock types. The genetic relationships among these different lithologies remain highly debated.
In this paper, we present high-precision zircon U-Pb ages and O-Hf isotope data and chemical compositions of biotites in granodiorite,
tonalite and granite from the Pingtan Igneous Complex, Fujian Province, aiming to investigate the genesis of these granitic rocks.
Zircon U-Pb dating results of granodiorite, tonalite and granite respectively yield U-Pb ages of 116.8 +1.0Ma, 116.3 + 1. 0Ma and
117.4 +1. OMa, indicating their emplacement during Early Cretaceous. The three rock types also show similar zircon O-Hf isotope
compositions. The zircon populations respectively from the granodiorite , tonalite and granite have §"° O ranges of 4. 6% ~5.3%o, 4. 8%
~5.3%0 and 5.0% ~5.6%o0, which are consistent with that of mantle origin. The three rock types respectively span zircon &, ()
ranges of +2.0~ +7.1, +2.8 ~ +6.5 and +1.8 ~ +5. 6 with corresponding ¢, ranges of 741 ~1046Ma, 754 ~995Ma and 815
~1058Ma. The combined zircon O-Hf isotope data indicate their derivation from a relatively juvenile crust with an insignificant
contribution from the ancient crust of the Cathaysia Block. Besides, compositions of biotite from the three rock types suggest that they
belong to I-type granitoids. Nevertheless, species of biotite among these granitic rocks are different, i. e. , biotite in granodiorite and
tonalite belongs to Mg-biotite, whereas that in granite belongs to Fe-biotite. The crystallization temperatures of the biotite and oxygen
fugacity of the magmatic system gradually decrease from granodiorite, tonalite to granite, being consistent with the differentiation trend
of the calc-alkaline magma. In combination with previous studies upon regional geological characteristics and tectonic evolution
histories, it can be concluded that the parental magmas were mainly derived from the newly accreted crust in response to subduction of
the paleo-Pacific Ocean, and experienced various degrees of differentiation to form the multiple granitic lithologies of the Pingtan
Complex. Our results indicate mixing between the crust- and mantle-derived magmas might play a limited role in formation of the Early
Cretaceous felsic rocks in the coastal region of SE China.

Key words Zircon O-Hf isotopes; Biotite; Granitic rocks; Cretaceous; Coastal SE China
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Fig. 1 A simplified tectonic map of South China (a, after Yan et al. , 2003 ; Zhang et al. , 2013), geologic maps of coastal SE
China (b, after Guo et al. , 2012; Zhou et al. , 2006) and the Pingtan Island (c, after Xu et al. , 1999)
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Fig.2 Field photos (a-¢) and corresponding micrographs under cross-polarized light ( d-f) of the granitic rocks from the Pingtan

Island

Mineral abbreviations ; Pl-plagioclase ; Kf-alkali feldspar; Hb-hornblende ; Bi-biotite ; Qz-quartz
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X1 FERUENRERHSIMS#F U-Ph EELER
Table 1~ SIMS zircon U-Pb dating results of the granitic rocks from the Pingtan Island

207 206 207
W ( x 1[5)*6) ( x;r(})l’ﬁ) ( x r(l))*") /U Wl? (iﬂ/il; 238I1)Jb <i”/z1>l; mii (1%1)()7 [(2?31/5)8 tlo
TERINKSE (17PT-12)
01 88 58 2 0.66  0.1229 17.20 0.0186 2.18  0.0744 575 118.7 2.6
02 87 53 2 0.61  0.1009 19.07 0.0184 1.72  0.0743  6.05 117.2 2.0
03 102 67 2 0.65  0.1104 20. 12 0.0183 1.51  0.0722  6.13  117.2 1.8
04 197 130 5 0.66  0.1256 5.98 0.0186  1.86  0.0583 2.8  119.0 2.2
05 103 71 2 0.69  0.1089 18.50 0.0183 1.66  0.0690  4.45 117.0 1.9
06 61 36 1 0.60  0.1324 19.09 0.0184  1.61  0.0814 7.51 117.7 1.9
07 144 125 3 0.86  0.1159 9.53 0.0184 1.61  0.0617 3.91 117.4 1.9
08 109 67 2 0.62  0.1084 13. 61 0.0186  1.65  0.0665 6.20 118.9 1.9
09 86 52 2 0. 61 0. 1267 10. 99 0.0183 1.60  0.0695 3.96 116.9 1.9
10 72 46 2 0.64  0.1250 11.58 0.0184 1.66  0.0723  5.25 117.7 1.9
11 119 93 3 0.78  0.1177 27.34 0.0179 1.52 0.1875 2.8 114.1 1.7
12 124 77 3 0.62  0.1190 5.19 0.0183 1.53  0.0570 2.8 116.8 1.8
13 88 55 2 0.62  0.1073 9.28 0.0179 1.61  0.0601  3.43  114.1 1.8
14 150 89 3 0.59  0.1132 6.93 0.0184 1.76  0.0529  3.59  117.3 2.0
15 184 169 4 0.92  0.1176 3.96 0.0183 1.51  0.0533 230 116.6 1.8
16 104 63 2 0.61  0.1050 7.71 0.0177 1.75  0.0548  3.37  113.2 2.0
17 185 147 4 0.80  0.1183 3.33 0.0186  1.53  0.0510  2.01  119.0 1.8
18 105 73 2 0.69  0.1298 3.96 0.0182  1.56  0.0594  2.23  116.3 1.8
19 159 142 4 0.89  0.1218 4.20 0.0184 1.58  0.0535 2.22 117.4 1.8
R NKE (17PT-11)
01 58 30 1 0.52  0.1421 13.43 0.0182  1.96  0.0759  8.07 116.3 2.3
02 146 87 3 0.60  0.1172 8.22 0.0181 1.75  0.0631  3.31 115.5 2.0
03 137 88 3 0.64  0.1137 11.51 0.0182  1.55 0.0650 5.12 116.2 1.8
04 89 51 2 0.57  0.1041 19.97 0.0183 .82 0.0779  7.81 117.1 2.1
05 76 43 2 0.57  0.1275 17.72 0.0181 1.72 0.0809  7.68 115.4 2.0
06 122 72 3 0.59  0.1212 5.31 0.0182  1.52  0.0597 3.04 116.2 1.8
07 186 171 5 0.92  0.1218 4.98 0.0184  1.73  0.0540  2.67 117.8 2.0
08 171 119 4 0.69  0.1163 6.90 0.0180  1.58  0.0548  2.85 115.1 1.8
09 147 125 3 0.85  0.1147 6.62 0.0182  1.51  0.0538  3.21 116.2 1.7
10 166 105 4 0.63  0.1193 3.67 0.0179 1.55  0.0546  2.07 114.5 1.8
11 118 73 3 0.62  0.0998 7.01 0.0185 1.56  0.0561 2,47 118.1 1.8
12 133 77 3 0.58  0.1215 5.47 0.0183 1.54  0.0553 2.36 117.1 1.8
13 173 125 4 0.72  0.1314 2.15 0.0187 1.50  0.0510  1.54 119.2 1.8
14 308 229 7 0.74  0.1234 3.26 0.0183 1.51  0.0530 2.40 116.9 1.7
15 112 67 2 0.60  0.1125 6.12 0.0181 1.55  0.0559 2.70 115.5 1.8
16 123 85 3 0.69  0.1197 4.95 0.0182  1.93  0.0550 2.46 116.2 2.2
17 193 184 5 0.95  0.1138 3.20 0.0182  1.54  0.0510 1.48 116.5 1.8
18 200 135 5 0.67  0.1186 3.22 0.0180  1.71  0.0524  1.45 115.2 2.0
19 93 47 2 0.51  0.1171 6.13 0.0182  1.64  0.0555 2.14 116.0 1.9
20 142 93 3 0.65  0.1123 3.88 0.0182 1.55  0.0521 1.69  116.0 1.8
21 84 49 2 0.58  0.1100 7.51 0.0181 1.64  0.0566  3.25 115.5 1.9
Teidss (17PT-13)
01 168 124 4 0.74  0.1193 6. 60 0.0183 1.56  0.0610  3.30 116.9 1.8
02 576 306 13 0.53  0.1219 3.19 0.0185 1.51  0.0529 .79  118.3 1.8
03 471 268 11 0.57  0.1192 2.82 0.0187 1.58  0.0537  0.99 119.2 1.9
04 287 266 7 0.93  0.1201 4.73 0.0184  1.53  0.0594 2.66 117.6 1.8
05 357 256 8 0.72  0.1158 6.11 0.0187 1.50  0.0563  2.54 119.3 1.8
06 275 212 7 0.77  0.1235 5.29 0.0186  1.51  0.0595  2.48 118.7 1.8
07 127 96 3 0.75  0.1097 10.28 0.0185 1.85  0.0699  3.43  118.0 2.2
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Continued Table 1

U Th Pb 207 p}y +lo 206 py, +lo 27p}, tlo ez

B Th/U 1
BES L 10-9) (x1075) (x10-9) By (%) Wy (%) ®py, (%) (Ma) 7
08 129 103 3 0.80  0.1252 9.56 0.0183  1.81  0.0699 3.56 117.1 2.1
09 208 203 5 0.98  0.1222 8. 06 0.0184  1.56  0.0611  3.84 117.7 1.8
10 180 115 4 0.64  0.1093 22.95 0.0176  1.59  0.1276  6.05 112.3 1.8
11 708 416 16 0.59  0.1280 2.89 0.0189  1.50 0.0631  0.83  120.7 1.8
12 504 400 12 0.79  0.1231 2.75 0.0183 1.5  0.0526 1.92 116.7 1.7
13 104 08 2 0.94  0.1166 16. 18 0.0178  1.51  0.0981 2.70 113.5 1.7
14 459 516 12 .12 0.1214 2.88 0.0186 1.51  0.0557 1.53 118.5 1.8
15 462 374 11 0.81  0.1198 4.65 0.0184 1.52  0.0627 1.68 117.7 1.8
16 202 138 5 0.68  0.1203 3.65 0.0184 1.55 0.0527 1.89 117.8 1.8
17 145 158 4 1.09  0.1126 5.82 0.0184 1.61  0.0526 2.41 117.5 1.9
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Fig.3  U-Pb concordia diagrams of zircon in the granitic rocks from the Pingtan Island
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Table 2 The O and Hf isotopic compositions of zircon in granitic rocks from the Pingtan Island

M5 Age (Ma) §"0 (%o) 2SE 76Yh/"THE  YSLu/'"HE  VOHE/VTHE 20 e () tpp(Ma)  from

TERINICE (17PT-12)
01 118.7 4.7 0.2 0. 039710 0. 001309 0. 282798 0. 000012 3.4 955 -0.96
02 117.2 4.8 0.1 0. 040925 0. 001240 0. 282825 0. 000012 4.4 895 -0.96
03 119.0 4.6 0.2 0. 036550 0. 001203 0. 282828 0. 000013 4.5 887 -0.96
04 117.0 4.6 0.3 0. 037668 0. 001246 0. 282889 0. 000012 6.6 751 -0.96
05 117.7 4.8 0.1 0. 034677 0. 001125 0. 282893 0. 000015 6.8 741 -0.97
06 118.9 4.8 0.2 0.022014 0. 000693 0. 282821 0. 000012 4.3 900 -0.98
07 117.7 4.7 0.2 0. 046963 0. 001417 0. 282891 0. 000013 6.7 747 -0.96
08 116.8 4.7 0.2 0. 022685 0. 000725 0. 282869 0. 000013 5.9 793 -0.98
09 117.3 5.3 0.1 0. 049091 0. 001585 0. 282816 0. 000012 4.0 917 -0.95
10 116.6 4.7 0.1 0. 029840 0. 000973 0. 282902 0. 000012 7.1 720 -0.97
11 119.0 5.1 0.2 0. 040687 0. 001284 0. 282786 0. 000013 3.0 982 -0.96
12 116.3 5.0 0.2 0. 038381 0. 001231 0. 282758 0. 000013 2.0 1046 -0.96
13 117.4 4.9 0.2 0. 034479 0.001132 0. 282833 0. 000013 4.6 876 -0.97

BeRNKE (17PT-11)
01 116.3 5.1 0.2 0. 034740 0. 001137 0. 282820 0. 000026 4.2 906 -0.97
02 117. 1 5.1 0.3 0. 042225 0. 001322 0. 282803 0. 000024 3.6 945 -0.96
03 117.8 5.1 0.2 0. 028305 0. 000907 0. 282823 0. 000022 4.3 897 -0.97
04 115.1 4.8 0.1 0. 026340 0. 000873 0. 282887 0. 000024 6.5 754 -0.97
05 116.2 5.3 0.2 0. 027576 0. 000880 0. 282815 0. 000024 4.0 917 -0.97
06 114.5 5.0 0.2 0. 022208 0. 000709 0. 282816 0. 000022 4.0 915 -0.98
07 117.1 5.2 0.2 0.031472 0. 000952 0. 282825 0. 000024 4.4 894 -0.97
08 119.2 5.2 0.2 0. 029172 0. 000913 0. 282779 0. 000020 2.8 995 -0.97
09 116.9 5.2 0.2 0. 051596 0. 001616 0.282811 0. 000024 3.8 928 -0.95
10 115.5 5.1 0.2 0. 052294 0. 001707 0. 282852 0. 000024 5.2 837 -0.95
11 116.2 5.0 0.3 0. 040206 0. 001299 0. 282869 0. 000020 5.9 796 -0.96
12 116.5 5.0 0.2 0.033218 0.001012 0. 282792 0. 000024 3.2 969 -0.97
13 115.2 5.3 0.1 0. 025458 0. 000820 0. 282801 0. 000022 3.5 948 -0.98
14 116.0 5.3 0.2 0. 018866 0. 000619 0. 282855 0. 000024 5.4 825 -0.98
15 115.5 5.2 0.2 0. 032488 0. 001000 0. 282793 0. 000024 3.2 968 -0.97

T % (17PT-13)
01 116.9 5.2 0.2 0. 022046 0. 000673 0. 282764 0. 000022 2.2 1030 -0.98
02 118.3 5.0 0.2 0. 056842 0.001817 0. 282798 0. 000028 3.4 959 -0.95
03 119.2 5.1 0.2 0. 038405 0. 001250 0. 282785 0. 000024 3.0 985 -0.96
04 117.6 5.4 0.2 0. 044772 0. 001366 0. 282838 0. 000022 4.8 865 -0.96
05 119.3 5.3 0.2 0. 034767 0. 001080 0.282814 0. 000024 4.0 918 -0.97
06 118.7 5.1 0.2 0. 041670 0. 001321 0. 282821 0. 000024 4.2 905 -0.96
07 118.0 5.5 0.2 0. 041423 0. 001342 0.282753 0. 000026 1.8 1058 -0.96
08 117.1 5.2 0.2 0. 053812 0. 001667 0. 282831 0. 000024 4.5 884 -0.95
09 117.7 5.6 0.2 0. 044396 0. 001379 0. 282857 0. 000022 5.5 824 -0.96
10 120.7 5.4 0.2 0. 033568 0.001112 0. 282859 0. 000022 5.6 815 -0.97
11 116.7 5.4 0.2 0.037153 0. 001170 0. 282791 0. 000022 3.2 971 -0.96
12 118.5 5.5 0.2 0. 033923 0. 001127 0. 282780 0. 000026 2.8 996 -0.97
13 117.7 5.4 0.2 0. 043181 0. 001328 0. 282839 0. 000022 4.8 865 -0.96
14 117.8 5.5 0.2 0.031171 0. 001035 0. 282805 0. 000026 3.7 938 -0.97




RIFF.

RETELEARELRE: kA4 % U-Pb 25 O-Hf B Z R ZZHF YIF UL L

1003

6 L (a) FERINKE (N=13, Mean =4.840.2%)
| Mantle

@
5 'iié

|

B NK A (N=15 Mean=5.1£0.2%0)
Mantle

]
]
&)

1A (N=14, Mean =5.3+0.2%0)
Mantle

L

s E K] 3 -20

(b
OB

23 A

™

e 5 M B 2 S i

Number

90 100 110 120 130
t (Ma)

Bl 4 SPIRLIG AR BT AT I A1 5L O WAL 3R ALAL (a, 30 8" O ZEAKIE RIS | [ Valley et al. , 1998) K HI [A}Az R AL AL (b, JiE

K4 Zhao et al. , 2016)

Fig.4 Diagrams of in-situ O isolopes(a, variation range of 80 in mantle is after Valley et al. , 1998 ) and Hf isotopes (b, afier

Zhao et al. , 2016) of zircon in the granitic rocks from the Pingtan Island

RS . A AR Ph/ U BRI E T, 54k
F114.5£1.8Ma ~119.2 £ 1. 8Ma Z[a], 21 NEIE S5
TS AL L sk fE FLR I, R X 2o gk A8 BUS 19 U-Pb
ARHHE (AT U K P MASE ER), WA
I Ph/ 2 U BB 116.3 £ 1. 0Ma(N =21, MSWD =
0.26) (K 3¢, d),

TR A A 2 R T EEY , BRIk S 6, BIEFR
JEIREEAT o FLPFR B BRER D, F8 43 OB 8 B AE AL /ML R A
BRI DA RO L K BE S 50 ~ 230wm, 5T E 2 40 ~
100wm, KIEHL 1.3 ~4. 5, B A EEMR R (& 3e) , 4
REHE A B W W 1A B R AR I, A4 1 TBORL Y
AR AR AR o T 3R SR AR BT T 0 0 2
SIMTAE SRR A U S AR ko 104 x 107° ~ 708 x
107°% Th 4 & 454k 96 x 107° ~ 516 x 10°°, Th/U L AH N
0.53 ~ 1. 12, 2y B8 9 55 3K B IR 5 Ao 17 A0 A5 197 Ph/
U REAERAMLT 112.3 £1.8Ma ~120.7 +1.8Ma 2 [a],
£ U-Ph SR s i B A IR . AR 9™ Pb/ 2" U
IBCERE R 117.4 1. 0Ma(N =17 ,MSWD =0. 96 ) (4] 3e,
), B2, X=REAN SIMS 54 U-Pb B A2, &
TR E AT

4.2 $5%A O-Hf FfIRAEK

FEG B AT O A HE [FAL K 7 B4 R I3 2 T[] 4,
RN KA T HAA R O A RAZ LA 4.6 £0.2%0 ~5.3 +
0. 1%, F-FIfE Ny 4. 8 £0. 2%0; Be N KA B A Y O [FI R
AEAE N 4.8 £0. 1%0 ~ 5.3 0. 2%0, I I 5. 1 £0. 2% i
A TEEAR O MM RN 5.0 +0.2%0 ~5.6 0. 2%o,
FIIEN 5.3 £0.2% ([ 4a) o ERINKE SR N KA &
AE B BB A7 T Lu/ T HE JUSCE Y <0. 002, 3 B 4145
JE TR HE BURA D, ] ARG T I e AR R

Hf [F) o7 R (JHTE 45,2012 ) o Horp fb i IN K R B A i
PR O HE/ B HAE AR fb K 0. 282758 ~0.2829.2, &y, (1) A5
A +2.0 ~ + 7. 1(El 4b) , BBy B AR IS 1, S 741 ~
1046Ma; 35 75 [N 1< 55 85 0 40 4R B/ HE He (S 48 o —
0, A5 4TF 0. 282779 ~0. 282887 Z [i] , 3@ i 45 A U-Pb 4E %
TTREJG RN £y (0) 28400 +2.8 ~ +6.5( [ 4b) , TR Bt
BERAE W 1w K7 754 ~ 995Ma f6 54 55 H 5 41 1 %0 467 HE/
"THE B AR L T 0. 282753 ~ 0.282859 2 [A], £y (1) AF4L K
+1.8~ +5.6 (E 4b), WPy B X A 1) N 815 ~
1058Ma, ST F X = 2854 A s A 1Y O-HI [ 467 28 21
AU B, il B A

4.3 BERBHRSHIE

BB AT a LR 3. RINKE %
oINS K ALK A R B Y B s 92.7% ~
95.2% 93.2% ~96.0% LA K 93.8% ~95.7% , 53 Hr 45 AL
AVFRZBEZ N Hd, KN A TR AR S0, =
35.8% ~38.1%, TiO, =3.6% ~4.6% ,Fe0" =15.3% ~
19.3% ,Al,0, =12.4% ~13.4% ,Mg0O =11.7% ~15.0% ; %
ZINK A BB Si0, = 35.0% ~37.4% , TiO, =3.6%
~4.4% ,FeO" =18.9% ~20.3% ,Al,0, =13.3% ~14.3% ,
MgO =10.4% ~11.7% ;{E5A T B = FE Si0, =34.0% ~
36.0% , Ti0, =3.0% ~3.7% ,Fe0" =22.9% ~4.3% ,Al,0,
=14.5% ~15.7% ,Mg0 =6.2% ~7.6% ,

FEAEY Fe, 05 S FeO % BLRE R T AR SCRF A il B
(1994) )7k, IR LA 22 A O JiF A A mlii T B R = BE R BH B8
FHROLIAAR S, RN Fe* /(Fe’* + Mg) =
0.32~0.43, X, [ Mg/(Mg + Fe** +Fe’* )] =0.53 ~0.63,
MF[ Mg/ (Fe’* + Fe’* + Mg+ Mn) ] =1.05 ~1.25,Ti =0. 41
~0. 54apfu, Al" =2.25 ~2. 42, W RN A1 Fe** /(Fe** +
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Fig.5 Discrimination diagrams of Mg-(Fe’* + Mn** )-(Fe’* + Al + Ti**) (a, after Foster, 1960) and 10TiO,-FeO"-MgO (b,

after Nachit et al. , 2005) of biotite in the granitic rocks from the Pingtan Island

Mg) =0.44 ~0.48, X, [ Mg/ (Mg +Fe’* +Fe’* )] =0.49 ~
0.52, MF[ MF = Mg/(Fe’* + Fe** + Mg + Mn) ] =0.96 ~
1.03,Ti =0.43 ~0. 50apfu, Al" =2. 41 ~2. 64; {E i 1) Fe** /
(Fe** +Mg) =0.60 ~0.65, X,,[ Mg/ (Mg + Fe’" +Fe’* )]
=0.31 ~0.37, MF[ Mg/ (Fe’* + Fe’* + Mg +Mn) ] =0. 60 ~
0.71,Ti= 0.35 ~0. 44apfu, Al" =2.71 ~2.89, Mk, 1
RN S m N E SR A R BB A A F T
AR . ARG S BERY Mg-(ALY + Fe'™ +Ti'")-(Fe’” +
Mn®*) G320 LA M A B TN 8 3 2 TN o o 11 2
R TR, WAL 5 A 2R = B g TRk i 28 Al
(Kl 5a) . BAREATHIAAR, (A 10Ti0,-FeO'-MgO [ fi#
RTINS R NS AR A T i B B o A
BoTE(E5h) , BRILZAM, X = A AP RSB Ca
PIK Fe’* /(Fe’™ + Mg) Huftie A4 — (Stone, 2000) , i #u
TR G 7R 8 2= B 2R 52 31 5 I A i i, 8 R T = AR
Ao G Eatr, B oA A BTN 22 70 A
2 IR T BRI e AR RS, TR S A E R

5 Wig
5.1 AR

FIT BT SR A ) 1T 5 A R o £ DR R T JRUAE 1
3 115.8 £1.2Ma ( Zhang et al. , 2019) , i #45 B A6 5 i 5
£ AE RS Sl 116 ~ 125Ma ( Dong et al. , 1997 ; Li et al. ,
2018) o AT IR IR a R h AL K S R w
N B A B FTE JRAE IS 7351 8 116. 8 1. 0Ma 116.3 +
1.0Ma % 117. 4 1. 0Ma, 3X—fe 7 = 5 2 I 41 45 SR 2 B i
BEA K 5 A1 BT AR R AU — 2, i H S SRR BUA £
P FTE R, 28 T 5 A e AR 8. IR A 1K
PRI SR [B] (117 ~ 116 Ma) S 44 | K A - o BT 47 v [

AT AE 1 A )T i TR] (130 ~ 121Ma) ( Tong and Tobisch,
1996 ; 2250 55,2003 ) o 454535 4F R W AR AR AT, AT A8
45 R AR UG HLIX AE 120 ~ 110Ma i [RIM5A 50h W25 15
BRIT-RIE R AW IEBh (Li et al. , 2015, 2018; Chen et al. |
2019b;Zhang et al. , 2019) ,iX 5 —H LR BTN R B EF(E
120 ~ 110Ma HH[R] 4 T 5% 37 20 8] #CHH A4 WL e A7 72 22 301 (L,
2000;Li et al. , 2014a) ,

5.2 BEMBUFEEH

BRSNS S N A AR R A T Y SR = B e e
B B, BT Y7 oy i LR S A VR A K
RS2 AL 22 {5 B ( De Albuquerque, 1973 ; Nachit et al. ,
2005 ; F kAR5 2015 5 kL5 4 55,2017 5 B8 1 55,2019 ) .
5.2.1 BAE

HRAE IR AL B s h BB = B Ti A X, 19 56 35 04 , Henry
et al. (2005) $E i T B2 BE Ti Ol BT HT DU a9 1o 45 i
B T={[In(Ti) —a—-c(Xy,)" 1/b}™™ (T K, Hhr
HC) o Horr Ti (A0 apfu, 2L 22 4> O S5 2E1 T35 5
ij{] Mg/ (Mg + Fe) ; 2% a= —2.3594 b =4. 6482 x 10 e
= —1.7283; & FH &1 N Xy =0.275 ~1.000, Ti =0.04 ~
0. 60apfu,T =480 ~ 800°C ,i%#2H + 25°C, Sarjoughian et al.
(2015 ) AT AIF5E & B2t o iR AN GE I TR B AL B
Wi TAE R E s . PR S AR N A /Y Xy, =0. 53 ~
0.63,Ti =0.41 ~0. 54apfu, I EHE A T =719 ~759°C ; K =
AR = D] Xy, =0.49 ~0.52,Ti =0.43 ~0. 50apfu, 1 E 15 3|
M) T =713 ~736 C; KA Xy, =0.31~0.37,Ti =0.35 ~
0. 44apfu, THELIRAFH T =665 ~699°C . Jish, B BLHY Mg/
(Mg + Fe) -Ti [l w7 , 4B R IS B 25 B A 25 bl B2 A
T 700 ~800°C , B 25 [N v BB 5 R 45 iR B2 A T 700 ~
750°C, 1M1 AE b v v R B 2 il B2 A2 4K 650 ~ 700°C
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Fig.6 Diagram of Mg/ (Mg + Fe) vs. Ti of biotite in the
granitic rocks from the Pingtan Island (after Henry et al. ,
2005)
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5 B Fe M &5t 5 FUTG M 06 6 2 O L 2
[B] 77 76 % ¥ & & ( De Albuquerque, 1973; Henry et al. ,
2005) o YR A BEESREGE S A AT IR, AR S B
Fe’* Mg’ 5 Fe’* Ji—F 7 40 B00T F T A T IL 45 i i 2 3 1Ak
AREIRIE (Henry et al. , 2005) o P ERIN KA s
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N BB e T ) R o BSR4 T NNO (B4 b i) 22
MR HM (IR BRI -G B ) 28 ik Z [, HAT Ok B85 i
NNO (S-SR ) ZZ ki (1 7a) o 7350, M 4lE Wones
and Eugster(1965) I TE Py, =2070 x 10°Pa KA R4 AF
FRZE T(C) - Log fo, (bar) FIRIEATEGE 25 R itk — 4
PP B A I N P 0 8 o BEJE R A SR JE (o, )
(107" ~107") x 107 Pa, Je s [N K 25 1) T = B A (1) 40
WP (f0,) A (1077 ~107") x 10°Pa, 76 4 5 MR 2 BH I A
I A 4R JE (fo,) R (10757 ~107"7) x 107Pa( 8] Tb) . fi4
Z MR NS RN K E B R A, IR 2 BHE
I S5 P B W R AR

5.3 AARBE

BA RS AE b 5 A T 732607 9809 ISMA U4y 2K . iy
BRI, A6 5 B A1 18 J80 PR 5 52 2% , LU DX ) Jo vl g
A R, T AT BT B A BT A e )
MU I S K R ECE T Z WA BIR A Y
(Skjerlie and Johnston, 1996; Altherr and Siebel, 2002 ; Sisson
et al. , 2005 ;Stouraiti et al. , 2018)

BB RO WA R AL b BUS A1 08 R B A B Y 1
AR (R 25,2014 s PR 545, 2015 ;4% [ 45, 2017) o Hif
NIRRT, AL MF 354 [ MF = Mg/ (Fe’* + Fe’* +
Mg + Mn) J AT T3S ([ 5S, MF > 0. 38) A1 S #Y4E
M (Y, MF <0.38) (1R e 8145, 1982) o B fE X N
Koa BN A M AR A b R = B MF 5350 1.05 ~
1.25.0.96 ~1.03 }% 0.60 ~0.71, iR EA1E T 1 B 2
F51. 54 4E MgO-AL O, Ffif % MgO-FeO"-AL 0, [ fif i
(B 8) RN W n WK G R b K e B s B F 8
7% T SR b A SRR BB DI, E— PRI E TR

(b) P=207MPa .
B K AR RS K
g A
4 R A A+
HF0~100f0K B = B
Fa i I [100Fe/ (Fe+Mg)]
1 1 1 1
300 500 700 900 1100
T(°C)

Bl 7 EESERFR AT RS Fe't -Fe’ -Mg” " Bl (a) & T(C )-Log fo, (bar) Efi# (b) (4 Wones and Eugster, 1965 )
Fig.7 Diagrams of Fe’* -Fe** -Mg’* (a) and T(°C) vs. Log Jo, (bar) (b) of biotite in the granitic rocks from the Pingtan Island

(after Wones and Eugster, 1965)
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Fig.8 Diagrams of MgO vs. AlL,O,(a) and MgO-FeO"-AL, O, (b) of biotite in the granitic rocks from the Pingtan Island ( after

Abdel-Rahman, 1994 )

THAEY T RIIE KA R Ao 3t 5 P8 5 46 = s A
O A A SRR AE T LA BRI N N A2 43 BT T A )
AL (A/CNK =0. 97 ~0.98) AR —F (Li et al. , 2018) ,

EAHE B, AR R T A 7 O 4 K 2 5 b AR AR T AL
e a B A B E &) Sr Nd [’/ AL R 4 (Jahn et al.
1990) , H—S6 e AR i B Bk Il — K 9 B i e A 1A B A
e g AH L B T8 A7 2R 41 A% ( Griffin et al. , 20025 Li et al. ,
2018) o JTIIWFFERIT, IR B A% R AR S B Bk B T 1Y
NI S B w2 Sr Nd [Al LR I RFE 24k R B 3R
Py G 1) M B, T 5 3R b T R v b 58 TR U T B
(Zhang et al. , 2019) o EIRF-VRL 8 Z 6 1A 1) BE 4k I o T
A5 KIL U TT A A1 HA ALY Sr Nd [’ AR AL (Li
et al. , 2018) 7R 1 W IR 3K 1 43 S B JNAE B B a0
AT REPE , (R A A AR I W3 T A0 22 TR A 35y W) 4 1
JRATTRINT . Lan, BBk A A Y Si0, & BR AL Dy 46%
~52% (Li et al. , 2018 ;Zhang et al. , 2019) , Wi 1L i< Ji 5 A1
) Si0, =AML IEEIN S 65% ~T76% (Xu et al. , 1999;Li et
al. , 2018) , BRUGZ A, - I B DX Il Al DXy ke
YILUE Si( S Ma AR ERbh, B2, vE &1
G ST RN K AT B 3 2o 0 YR I 1Y 40 ok AR (R AR T
& 2007 ;Gao et al. , 2016) , IFERFFT LRI, T AL R
B FER T M R 2 KUK 1 o B PR JOSCE EE  T
Wy, HIE G AR P AT BB R W IR ZH 43 (4 i A ESOH A 3 52 )
FTE Y% ( Chappell and Stephens, 1988 ; Miller et al. , 1988 ; 5%
1864 ,2007 ; Gao et al. , 2016)

TR RENZEHELRK AT BEAARTHEE
st IR 42 Se Nd R R K A I [R) 60 2% 4R
(Lietal. , 2018) , SHILIAE By B Z I T M. R
W Ah AN S Jea N E AR A B O [ R
R S5 HE R ("0 fH (5.3 £0.6%0, Valley et al. , 1998) #H

7.0
6.0
SO 50 F
[~}
40
[RcaiEniss IS EEAvIASEEES
30 1 1 1 1
-5 -10 S 0 5 10
€uil?)
KO PR SR i il At X 3 L 28 AE R e 28 b i

FI1 £ (1)-8"0 [ R ALK

Ha i Al X AR R AR Bk [ Li e al. (2015) Al
Chen et al. (2017, 2019a, b)

Fig. 9  Zircon g, (1) vs. 8% O values for Cretaceous
granitoids from the Pingtan Island and other regions in
coastal Fujian

Data of the other Cretaceous granitoids in coastal Fujian are from Li et

al. (2015) and Chen et al. (2017, 2019a, b)

oL, I 7 L TR BB A3 J Rl 2 RV 28 3 A i) W Py 7k A
AR B R W BT IR e (Valley et al. , 1998 ; Valley,
2003 ; Liu and Zhang, 2013 ;Spencer et al. , 2014) , H& 4b 0]
PVE I LRI SR A B KA 19 HE [R5 2H A
3 TAEE PR 1 HE [J 067 R U (A TERORLIB A 5
TS L Z ), HE AT B AR 1, 23 1
Sy 741 ~1046Ma 754 ~995Ma J% 815 ~ 1058Ma, 3 i — 245
NENTH AP E 2Ok B TR 58 (XIMBSF, 2015 ; Chen
et al. , 2017) o JEHIBETE IR, A B 1 i H Al b DX 53 A1 18—
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Fig. 10 A schematic cartoon showing petrogenesis of the Early Cretaceous granitic rocks in the Pingtan Island

26 LA K A R A Dy E R AR R T e Y T E A
TS, e — S8 A 7E TR B A vh i) BRI A T 5e ) ot
25 BRI AN A B 5 E  S2 dek v I AR Y Bl
P HAE A1 O-HE [7) 437 3R 20 i B A BRI 2 A5 [ ( Chen er
al. , 2017, 2019a, b) o S54RI i i oAb X B 20 46 B
FIUA ) (12, 1T 5 A6 5 B 0 RS 0 O-HIE [l i K 1 248
PG FEAR X B2, e O [A) i 38 2H i 15 b i (1 FE A — 25, H
e (0) AR A B AT B (181 9) o 3K — X HL 4 Rk — 2D i
TR A 5 e A 0 JR e Bk B AR B R T S )
JBT, oAb 5 2R A 2 DX A B ST kA X 4
AREEUTIEAERG A AU i 06 S R Rl 2% , 22 )l
TPV W A A B9 52 ( Zhou and Li, 2000 ; Zhou et al. |
2006 ; Wang and Shu, 2012 ;Zhang et al. , 2019) , fEX—3l /]
SFEECE, M UCE HK 0 AR AE A X 8 E UL (Sinigoi et
al. , 1991; Skjerlie and Johnston, 1996; Altherr and Siebel,
2002) . JEARMMEIEE AL T HISETT RESTE I AUX”, Jy v
N T R Y % BB 38 4544 ( Schubert et al. , 2013 ; Flinders
and Shen, 2017) , 7EX—d B, bR HIGE 2RI E O
ST BRI 18 W gt , A5 rp R M Se R A AT 2R
IHTHELE IR R R 4 A (Guo er al. , 2019) o XL 5HETA
JITIA DA ) S 20 Y5 S B SIS ARAE T SO T 2 i T T 3 X
JE AT e iR B, A A T 2R AR ol S R S AR B AR R Y
NIHA—2L(Li et al. , 2012;Chen et al. , 2017) . BfJ5akss
JRAR T M 5E A Y5 e SR TE W T ol i v 2 1) o R M oS ik

RAERRAK A B TR AL T T b 7e i B B FUa A FRR
KM KRl (Atherton and Petford, 1993 ; Annen and Sparks,
2002 ; Jackson et al. , 2003 ; Zheng et al. , 2007 ; Wang et al. ,
2017;Zhou et al. , 2018) , FAMFFEWE X —dFEHKRY
AL BB RRARE A7 O SRR, 75 T o e A A e
V87 TR B8 AR AT, 0 1 S Tl T T S8 P 1 LA AR X AR
18 ( <800°C) ( Collins et al. , 2016) , X T 13 46 54 i
EEBME S A T 5, {3 Watson and Harrison (1983) 2 H 0%
AR BT A SR B B 1B b BUa A i Ty, (°C) 722
ALEE R 665 ~759°C (Xu et al. , 1999;Li et al. , 2018) , ¢
BB B A1 SR B B IR A B IR AE, X
Collins et al. (2016) TR IEA—3K

TEFS I i A R b, BB S 3 00 e AR T AT
AR AR L B2 MO &5 it — 2 B MRk, & 2 i A
PR AR B 1 3 A AR At s W SR AE R W) . IR A
KINKESERNKE TN B BY%E TR Mg BafkX
B, AR B b s A R s B AR Mg &5 9% T
Fe MARFXI (K Sa) . MAERIN KA LN A =ERK
s HER R B Fe S (40300 1,95 ~2.48 2,42 ~2.63
% 3.05 ~3.22) K Fe/( Fe + Mg) A (4351 0.37 ~0.47
0.48 ~0.51 }70.63 ~0.69) Y2 Wi Tl &, XFh Fe B HEME
T REME /S T BB 5 S il i v 1 T R T ( Dodge et
al. , 1969 ; De Albuquerque, 1973 ;Bénova et al. , 2010) , %3
Hh, MBS S A I ALK S, Hoh B A B R,
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JIT IS AP 5 AR 2 11 St i 7 A (BT 7)), 3l 5 5
Ao T AN LR — 3 ( De Albuquerque, 1973)

20 LA LIk, 5818 5 IR A A — T A R AR R
Wi bR A AR B R 2 802 v (Dong et al.
1997 ; RSt AE M 28 96, 1998 5 44 54 ,2013) . Griffin et al.
(2002 ) 3o % 45 A7 S HE [0 2 18 20 BTt oAk 1T 5 28 14
i AR HE TR Z AR i e s 3R &
FAMTE A o (AT IR 00 B A R A A = B Y
Je U 55 x4t HE )43 28 A0 v ff 0 5 7 A A O 7 T A0 T
Peo DI A H S A HE [ 457 28 250008 o R oK AT &, R
e N Tele AR A A JEdE . 52 MR, AR IRBIFIE 25 51
A 2 A TR 45 28K 5 T A0 P A1 (W A O-HIE [R] 437 28
YUK FARAE N, HORIRS A 2R 04k 41 O-HI [ %
GBI —B . BRI A, 65 A A 1 R 2
FRRAE ey vh e 2 RS 56 ) S S s 35 1 52 1 2
RS YEF (Zhang et al. , 2020) , B2, DL FIX BRI RERA L
FEVTRLE A i L A1 2 22 72 8 2 SRR A 1 P T i
AR TEE A AR A AE FITE SRR X AT REAAAE , (HUZ S5 T2 g
TR ) LK 110 % 38 22 RO o 22 5 i IR, HOTEAE B BT A T I
TR AR AR R % |- 5345 BR (Folch and Marti, 19983k
JiE4,2007 ;Gao et al. , 2016) . 550M& 5 HR G/ A LL,
B A AR R SR R TE SR AR I UEA S AN TR R R AR
TR T A Wi L4048 B A 2O T 8 r] BE T oA
L, PR A AR AL A A T i T A k3 2
FEU) A Rl T B P 2 T AR TR R S e A ) 45 SR (T
10),

6 &g

LR AR SN AR T TR B R4 AR K TUA A PR
255 IR T W JLEIR

(1)SIMS #/ U-Pb ARS8 R BRIER N K A K AN
KB b S AT 116.8 +1.0Ma 116.3 = 1. 0Ma %
117.4 £ 1. OMa, B 1 S5 BEER TR A S — FIR AL T 7828 (1715
SRR, B TR A A AR =

() ERINKAE T8 a N A AL 3 8 8 A 2 g
H 1 O [rlv ZE 4L CEAME A3 59y 4.8 £0.2%0.5. 1 0. 2%o0
5.3 +0.2%0) 3 EH ey (1) (51 +2.0~ +7.1, +2.8
~ +6.5 K +1.8~ +5.6) KIRAERE I P B B B 20 AR 0 (43
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A AR X F 2y A 1 AR AR R M e W T, AR ML
FE R TR X B TTRRAR 2D

AR INE ez N E T TE ) T 2R = B
AR A1 A T RN A Hh BN
Km BRI n N A I B B AL, Mife b 5 o o 2
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R ) B BRI BT I 2 SRR 2R GG R R R

% X 5P A I o S B AR — B

(4) LA 57 O-HE [ 3 R 2 BESH) fb 7 2 DX Sl Joit
BRI, S5 A A PR T B AR B U A0 BT BT o R
FEOF s 5, LA R R X R 2 A SRR R AR R R R I
ARSI, ARG TUA A A R 0 22 ) SR BRI
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AR,

Brigt R E R BT M R AL 2 5 IR R E R
B SR % E/INEIE ST B A B K AR T AR SIMS 4 £
U-Pb 45 K O-Hf [al i 2 M5 7 v 25 3 (0 8 10 5 ] i Jgaf
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