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Fig. 1 Simplified geological map of SE China, showing the distributions of the Late Mesozoic granitic and volcanic rocks and
the circular volcanic fields (modified after Zhou Xinmin et al. , 2006; Xu Xisheng et al. , 2021)
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Fig. 2 Simplified geological map of the Wangzhoushan caldera in southeastern Zhejiang ( modified from
the 1:200,000 Geological Map of Pingyang Sheet® and Chu Pingli et al. , 2022&)
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Fig. 3 Field photos and micrographs of the Wangzhoushan alkaline granites in southeastern Zhejiang: (a) alkaline granite, showing

the miarolitic cavities; (b) alkaline granite, showing the granophyric texture and interstitial arfvedsonite; (c) arfvedsonite and

aegirine in the alkaline granite; (d) aegirine in the alkaline granite
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Fig. 4 Representative CL images, U-Pb concordia diagrams and weighted mean **Ph/?*U ages of the zircons

from the Wangzhoushan alkaline granites in southeastern Zhejiang
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The white circles indicate the spots of LA-ICP-MS zircon U-Pb dating, the white dashed circles indicate the spots of

zircon Hf isotope analyses, the numbers indicate the zircon &(t) values
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F1HEFEEHEEMLEMERERER LA-ICP-MS A U-Pb EFE4LR

Table 1 LA-ICP-MS U-Pb dating results for the zircons from Wangzhoushan alkaline granites

in Cangnan County, southeastern Zhejiang

TCE A L 2R A [l ZRAF W (Ma)
{jﬂjlj (xlO’G) Lh 71(207l’b) n(szb) n(206l)b) rL(207Pb) n(206Pb)
% n(2%ph) n(30) n(B0) n(350) n(33)
Th Y DU EL lo pELED lo WE 1o MmE | 1o | WME | 1o
WZ-02 GEHEIE R S
-1 1248 975.2 | 1.28 | 0.05925 | 0.00159 0. 1159 0.00316 | 0.01418 | 0.00020 | 111.3 |2.87 |90.80 | 1.30
-2 321.3 | 242.9 | 1.32 | 0.04789 | 0.00323 | 0.09540 | 0.00625 | 0.01445 | 0.00031 | 92.50 | 5.79 | 92.50 | 1.97
-3 574.1 | 376.5 | 1.52 | 0.04823 | 0.00216 | 0.09472 | 0.00417 | 0.01424 | 0.00024 |91.90 | 3.87 [ 91.20 | 1.55
-4 734.9 | 433.1 | 1.70 | 0.04802 | 0.00267 | 0.09440 | 0.00518 | 0.01426 | 0.00026 | 91.60 | 4.80 | 91.30 | 1.68
-5 518.3 | 369.4 | 1.40 | 0.04793 | 0.00275 | 0.09680 | 0.00545 | 0.01465 | 0.00027 | 93.80 | 5.05 | 93.70 | 1.69
-6 934.5 | 572.2 | 1.63 | 0.04802 | 0.00168 | 0.09535 | 0.00333 | 0.01440 | 0.00023 |92.50 | 3.09 | 92.20 | 1.44
-11 343.1 | 257.2 | 1.33 | 0.04800 | 0.00405 | 0.09434 | 0.00785 | 0.01425 | 0.00029 |91.50 | 7.28 | 91.20 | 1.85
-13 | 641.2 | 655.8 | 0.98 | 0.04789 | 0.00201 | 0.09311 | 0.00386 | 0.01410 | 0.00023 | 90.40 | 3.59 | 90.30 | 1.44
-14 1411 710.7 | 1.99 | 0.04998 | 0.00273 | 0.09803 | 0.00524 | 0.01423 | 0.00027 | 95.00 | 4.84 | 91.10 | 1.71
-15 | 707.0 | 415.9 | 1.70 | 0.04794 | 0.00261 | 0.09529 | 0.00507 | 0.01442 | 0.00027 |92.40 | 4.70|92.30 | 1.72
-17 | 481.6 | 631.5 | 0.76 | 0.04794 | 0.00238 | 0.09738 | 0.00475 | 0.01473 | 0.00026 | 94.40 | 4.40 | 94.30 | 1. 66
-18 | 662.6 1101 [ 0.60 | 0.04789 | 0.00161 | 0.09259 | 0.00313 | 0.01402 | 0.00021 | 89.90 | 2.91 | 89.80 | 1.34
-19 | 699.7 | 758.9 |0.92 | 0.04801 | 0.00169 | 0.09531 | 0.00335 | 0.01440 | 0.00023 | 92.40 | 3.10 | 92.20 | 1.43
-20 | 540.4 | 624.6 | 0.87 | 0.05148 | 0.00901 0. 1005 0.01744 | 0.01416 | 0.00031 | 148.1 |5.82|93.80 | 1.71
-21 | 476.8 | 309.7 | 1.54 | 0.05071 | 0.00400 | 0.09745 | 0.00744 | 0.01394 | 0.00034 | 94.40 | 6.88 | 89.30 | 2. 16
=22 1338 1587 [0.84 | 0.04791 | 0.00148 | 0.09408 | 0.00292 | 0.01424 | 0.00022 |91.30|2.71|91.20 | 1.38
23 | 696.3 | 455.3 | 1.53 | 0.04827 | 0.00280 | 0.09502 | 0.00537 | 0.01428 | 0.00028 | 92.20 | 4.98 | 91.40 | 1.78
24 | 571.2 | 489.6 | 1.17 | 0.05474 | 0.00349 0. 1064 0.00659 | 0.01410 | 0.00029 | 102.7 | 6.05 | 90.30 | 1.86
-25 1099 969.4 | 1.13 | 0.04792 | 0.00172 | 0.09480 | 0.00340 | 0.01435 | 0.00023 | 92.00 | 3.16 | 91.90 | 1.43
-27 1017 552.9 | 1.84 | 0.05199 | 0.00365 0. 1000 0.00681 | 0.01396 | 0.00032 | 96.80 | 6.29 | 89.40 | 2.02
-28 1221 618.5 | 1.97 | 0.05170 | 0.00299 | 0.09787 | 0.00553 | 0.01373 | 0.00026 |94.80 | 5.12 | 87.90 | 1.68
WZ-04-2 Bl IR B 22
-3 283.2 | 337.3 | 0.84 | 0.05845 | 0.00363 0.1162 0.00697 | 0.01442 | 0.00031 | 111.6|6.34 |92.30 | 1.99
-6 123.4 | 201.4 | 0.61 | 0.04795 | 0.00320 | 0.09199 | 0.00598 | 0.01391 0.00030 | 89.40 | 5.56 | 89.10 | 1.91
-7 880.4 | 712.2 | 1.24 | 0.04605 | 0.03101 | 0.09225 | 0.06199 | 0.01453 | 0.00063 | 90.10 |58.02| 93.10 | 4.12
-8 797.1 | 547.0 | 1.46 | 0.05144 | 0.00222 0. 1031 0.00438 | 0.01454 | 0.00025 |99.70 | 4.04 | 93.10 | 1.62
-9 560. 1 507.8 | 1.10 | 0.05622 | 0.04058 0. 1090 0.07846 | 0.01407 | 0.00079 | 105.1 |72.01|90.10 | 5.09
-10 169.5 | 278.1 | 0.61 | 0.04812 | 0.00277 | 0.09581 | 0.00538 | 0.01444 | 0.00029 |92.90 | 4.98 | 92.40 | 1.85
-13 1243 1293 [ 0.96 | 0.05305 | 0.00208 0. 1067 0.00416 | 0.01459 | 0.00025 | 102.9 | 3.81 | 93.40 | 1.62
-14 | 88.11 | 387.7 | 0.23 | 0.04838 | 0.00262 | 0.09481 | 0.00507 | 0.01421 | 0.00025 | 92.00 | 4.70 | 91.00 | 1.61
-19 1056 745.0 | 1.42 | 0.07715 | 0.01564 0.1523 0.03062 | 0.01432 | 0.00038 |208.8 | 6.45 | 95.90 | 1.74
-20 | 612.9 | 452.0 | 1.36 | 0.06014 | 0.03533 0.1212 0.07098 | 0.01462 | 0.00069 | 116.2 |64.05| 94.20 | 4.07
-21 288.0 | 374.5 | 0.77 | 0.06090 | 0.01725 0.1175 0.03311 | 0.01399 | 0.00039 | 113.0 |30.00| 90.00 | 2.11
-23 173.1 | 286.2 | 0.61 | 0.05508 | 0.00370 0.1105 0.00729 | 0.01456 | 0.00029 | 106.4 | 6.67 | 93.20 | 1.83
24 | 593.7 | 579.1 | 1.03 | 0.07026 | 0.02737 0.1332 0.05162 | 0.01374 | 0.00051 | 127.0 |46.01| 88.40 | 3.08
-26 | 897.9 | 690.3 | 1.30 | 0.05788 | 0.00250 0.1120 0.00479 | 0.01404 | 0.00024 | 107.8 | 4.37 | 89.90 | 1.56
<27 | 447.4 | 473.0 | 0.95 | 0.04957 | 0.00281 | 0.09841 | 0.00549 | 0.01440 | 0.00027 | 95.30 | 5.07 | 92.20 | 1.69
29 | 724.9 | 613.1 | 1.18 | 0.04605 | 0.00872 | 0.08870 | 0.01667 | 0.01397 | 0.00031 | 123.1 [4.97 | 91.70 | 1.70
20WZ-11 BMEAE R

-5 1283 695.3 | 1.85 | 0.05088 | 0.00253 | 0.09722 | 0.00470 | 0.01386 | 0.00025 |94.20 | 4.35 | 88.70 | 1.61
-6 825.3 | 452.6 | 1.82 | 0.04796 | 0.00334 | 0.09362 | 0.00647 | 0.01415 | 0.00025 | 90.90 | 6.00 | 90.60 | 1.58
-7 2141 960.8 |2.23 | 0.04786 | 0.00170 | 0.09285 | 0.00329 | 0.01406 | 0.00021 | 90.20 | 3.05 | 90.00 | 1.37
-8 972.4 | 605.1 | 1.61 | 0.04784 | 0.00215 | 0.09183 | 0.00408 | 0.01392 | 0.00023 | 89.20 | 3.80 | 89.10 | 1.46
-9 1111 607.2 | 1.83 | 0.04790 | 0.00264 | 0.09043 | 0.00492 | 0.01369 | 0.00024 | 87.90 | 4.58 | 87.60 | 1.50
-10 1014 589.6 | 1.72 | 0.04832 | 0.00263 | 0.09463 | 0.00505 | 0.01420 | 0.00028 | 91.80 | 4.68 | 90.90 | 1.77




8 oo T 2025 4E
TELSE [z 2 LA [, R AF#E (Ma)
N -6
{gj (x107°) Lh n(207l’b) n(szb) n,(206Pb) 7L(207Pb) n(206Pb)
%“ n(ZOGPb) n(235U) n(ZSSU) n(235U) n(ZSSU)
Th U
AR lo A lo HIURTER lo m{E lo HIURTER lo

11 | 646.6 | 431.5 | 1.50 | 0.05534 | 0.00307 | 0.1091 | 0.00588 | 0.01430 | 0.00029 |105.2 |5.38 | 91.50 | 1.82
213 | 707.2 | 423.5 | 1.67 | 0.04788 | 0.00375 | 0.09360 | 0.00726 | 0.01418 | 0.00027 | 90.80 | 6.74 | 90.80 | 1.72
214 | 835.9 | 536.2 | 1.56 | 0.04883 | 0.00240 | 0.09670 | 0.00467 | 0.01436 | 0.00024 | 93.70 | 4.33 | 91.90 | 1.55
215 | 829.5 | 497.1 | 1.67 | 0.04788 | 0.00283 | 0.09451 | 0.00550 | 0.01431 | 0.00026 |91.70 | 5.11 | 91.60 | 1.63
216 | 1089 | 591.3 | 1.84 | 0.05088 | 0.00200 | 0.1008 | 0.00390 | 0.01436 | 0.00024 |97.50 |3.59 | 91.90 | 1.51
217 | 1380 | 761.5 | 1.81 | 0.05484 | 0.00191 | 0.1079 | 0.00372 | 0.01427 | 0.00023 | 104.0 | 3.41 | 91.30 | 1.43
18 | 672.1 | 421.6 | 1.59 | 0.04798 | 0.00318 | 0.09416 | 0.00612 | 0.01424 | 0.00029 | 91.40 | 5.68 | 91.10 | 1.83
20 | 428.5 | 296.1 | 1.45| 0.04797 | 0.00251 | 0.09231 | 0.00471 | 0.01396 | 0.00026 | 89.70 | 4.38 | 89.40 | 1.68
21 | 1143 | 684.7 | 1.67 | 0.04875 | 0.00228 | 0.09503 | 0.00437 | 0.01414 | 0.00026 | 92.20 | 4.05 | 90.50 | 1.63
22 | 821.5 | 569.8 | 1.44 | 0.04824 | 0.00310 | 0.09470 | 0.00599 | 0.01424 | 0.00028 |91.90 | 5.55|91.20 | 1.81
23 | 502.0 | 376.2 | 1.33| 0.04792 | 0.00364 | 0.09452 | 0.00705 | 0.01431 | 0.00029 | 91.70 | 6.54 | 91.60 | 1.85
24 | 416.4 | 365.2 | 1.14 | 0.04789 | 0.00335 | 0.09264 | 0.00641 | 0.01403 | 0.00025 |90.00 | 5.95 | 89.80 | 1.61
25 | 2472 | 1039 |2.38 | 0.04785 | 0.00199 | 0.09227 | 0.00378 | 0.01399 | 0.00024 | 89.60 | 3.51 | 89.50 | 1.52

R (BN CaO 43500 0.01% ~0.48% MgO N 3.2.2 TR

0.14% ~3.78%) , b F W HE KW HEILE F (1] 3k X BERAEAE b 2 ) R Y BE A B Ak 2 R o AR

2.55%~3.37%) .

2A

23 M

JEF R A TR

¥y — BN R4k (Na,0 Jit & 43 50l 14.53% ~

WAk F T H n(Nay )= 1.99~2. 18, Kt Leake  15.71% . FeO" 4 28.89% ~ 32.54%) , %% £ Fl 45
et al. (1997) B MMINT A% %, TIUETH  (MeO F it 52 4 < 0.03%  Ca0 < 0.38%) . #L4E
[t R AN Bk N A (] Sa) o Morimoto (1988) #2 ! UM 732K T07 %, BN & T4
b
(a) _ _ (®) Q(Wo,En,Fs)
n(Nay)>1.50; [n(Mg)+n(Fe™ )+n(Mn")]>2.5;
[n("Al) or n( Fe*")]>Mn*"; n(Li)<0.5; [n(Mg) or n(Fe*")]>Mn”’
[n(Na,)n(K,)]>0.50
1.0
BEEMNA
n("Al)>n(Fe’)
. BTN A
by | #CAD<n(E") JE 4 5 8 D
E‘g*b & n("Al)<n(Fe’)
E 0.5 ®
- J& KB A
OOO!EM§ e n("Al)>n(Fe’)
BB E SN
n("Al)<n(Fe’")
. 7.0 6.5 NaAlSi,0,(Jd) 50 NaFe’'Si,0,(Ae)
o7 A H EISi
3 YHe TE] LY ] Loy
S I BRAE 1 24 3 b I
Wangzhoushan alkaline granite . . _yp py g
in Zhejiang-Fujian coastal area
K5 W ar 25K (a) AN A (PE Leake et al. | 1997) 5 (b) ¥ 47 (#i Morimoto, 1988)
Fig. 5 Mineral classification of (a) amphibole (after Leake et al. , 1997); (b) pyroxene (after Morimoto, 1988)
TR 9 1 20 BRI A B 2 (R L B & RIRE 5 AN ks ) #4551 Bl Zhao Jiaolong et al. , 2016 Fl Zhang Feng et al. , 2024

The data of Cretaceous typical alkaline granites ( Daqingshan, Taohuadao, Xiazhidao and Kuiqi) in

Zhejiang—Fujian coastal area are from Zhao Jiaolong et al. ,

2016 and Zhang Feng et al. , 2024
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Table 2 Electron microprobe compositions ( %) of arfvedsonite and aegirine from the Wangzhoushan alkaline granites

R WZ-02 WZ-02T
5 1.1 1.2 1.3 2.1 4.1 4.2 4.3 4.4 1.1 1.2 1.3 1.4
Si0, 50.48 | 50.71 | 51.06 | 50.45 | 49.00 | 47.37 | 48.95 | 49.50 | 51.17 | 50.74 | 50.57 | 50.29
TiO, 0.27 0.36 0.17 0.29 0.43 0.53 0.46 0.35 0.04 0.09 0. 10 0.43
Al O, 1.27 1.21 1.26 1.24 1.19 1.01 1.09 0.95 1.32 1.29 1.20 0. 88
FeO" 25.79 | 26.08 | 23.89 | 25.10 | 30.12 | 29.78 | 30.01 | 28.44 | 26.39 | 26.38 | 26.98 | 27.96
MnO 5.35 5.47 4.59 5.10 5.74 5.57 5.97 5.83 5.85 5.71 5.53 6.36
MgO 2.42 2.26 3.78 3.15 0.32 0.14 0.19 0.74 2.57 2.65 2.51 1.00
Ca0 0.37 0.03 0.48 0.27 0. 06 0. 05 0. 06 0.03 0.00 0.01 0.01 0.04
Na, 0 9.26 9.43 9.65 9.36 9.07 8.16 8.73 9.18 9.16 9.40 9.23 8.92
K,0 1. 06 1.31 1.09 1.05 1.25 1.22 1.31 1.20 1.55 1.56 1.34 1.49
F 3.21 2.82 3.22 3.04 2.64 2.87 2.55 2.62 3.16 3.37 3.27 2.89
i Cl 0.02 0.02 0.02 0.04 0.02 0.01 0.02 0.02 0.02 0.01 0.01 0.02
% s¥ii] 98.13 | 98.51 | 97.84 | 97.79 | 98.71 | 95.50 | 98.25 | 97.76 | 99.89 | 99.78 | 99.36 | 99.06
v Si 8.014 | 8.017 | 8.078 | 7.986 | 7.840 | 7.816 | 7.856 | 7.973 | 7.956 | 7.931 | 7.916 | 7.983
AV 0.000 | 0.000 | 0.000 | 0.014 | 0.160 | 0.184 | 0.144 | 0.027 | 0.044 | 0.069 | 0.084 | 0.017
H AIM 0.237 | 0.226 | 0.235 | 0.217 | 0.064 | 0.012 | 0.062 | 0.153 | 0.199 | 0.169 | 0.138 | 0.147
F Ti 0.032 | 0.043 | 0.021 | 0.034 | 0.052 | 0.066 | 0.055 | 0.042 | 0.005 | 0.011 | 0.011 | 0.051
E Fe** 0.480 | 0.488 | 0.225 | 0.553 | 0.905 | 1.156 | 0.969 | 0.664 | 0.766 | 0.715 | 0.854 | 0.706
/izlr\ Fe?* 2.944 | 2.961 | 2.935 | 2.770 | 3.125 | 2.954 | 3.058 | 3.167 | 2.665 | 2.733 | 2.677 | 3.005
J5t Mn 0.720 | 0.732 | 0.615 | 0.684 | 0.778 | 0.779 | 0.811 | 0.796 | 0.771 | 0.755 | 0.733 | 0.855
»ﬁ Mg 0.573 | 0.533 | 0.891 | 0.742 | 0.075 | 0.034 | 0.044 | 0.178 | 0.595 | 0.617 | 0.586 | 0.236
B Ca 0.062 | 0.005 | 0.081 | 0.046 | 0.010 | 0.008 | 0.009 | 0.006 | 0.000 | 0.002 | 0.002 | 0.007
Eg— Na 2.850 | 2.891 | 2.961 | 2.871 | 2.812 | 2.610 | 2.716 | 2.868 | 2.761 | 2.849 | 2.800 | 2.746
g& K 0.215 | 0.265 | 0.220 | 0.212 | 0.255 | 0.258 | 0.267 | 0.247 | 0.308 | 0.310 | 0.267 | 0.302
F 1.613 | 1.411 | 1.611 1.524 | 1.337 | 1.498 | 1.295 | 1.336 | 1.551 1.667 | 1.620 | 1.450
Cl 0.004 | 0.005 | 0.006 | 0.010 | 0.005 | 0.003 | 0.007 | 0.006 | 0.005 | 0.002 | 0.001 | 0.005
OH" 0.382 | 0.584 | 0.383 | 0.466 | 0.658 | 0.499 | 0.699 | 0.659 | 0.443 | 0.331 | 0.379 | 0.545
HE WZ-02 WZ-02T
H 2.1 1.1 1.2 1.3 1.4 1.5 3.1 3.2 3.3 3.4
Sio, 52.62 52.04 53.10 53.56 53.63 52.32 52.41 52.56 54.53 51.80
TiO, 0.15 0.41 0.58 0.38 0.30 0.30 0.71 0.26 0.99 1.00
Al, 0,4 0.17 0.39 0.38 0.38 0.37 0.34 0.49 0.38 0.43 0.42
FeO" 30. 69 30.55 30. 51 30.35 31.19 31.64 30. 16 32.54 28. 89 30. 39
MnO 0.33 0.21 0.29 0.16 0.17 0.21 0.43 0.19 0.43 0.49
MgO 0.02 0. 00 0.02 0.03 0.03 0.03 0. 05 0.03 0.03 0.03
Ca0 0.02 0.14 0.21 0.10 0.10 0.14 0.38 0. 10 0.28 0.31
Na, O 15.25 15. 14 14.53 14. 81 15.71 15.52 14. 84 15. 14 14. 63 14.91
K,0 bd 0.01 0.01 bd bd 0. 00 0.01 bd 0.01 0.01
5 F nd nd nd nd nd nd nd nd nd nd
fi Cl nd nd nd nd nd nd nd nd nd nd
pEs il 99.24 98.90 99. 62 99.75 101. 50 100. 50 99.47 101.21 100. 24 99.37
Si 1. 940 1.927 1.964 1.972 1.930 1.905 1.935 1.910 2.000 1.915
% Ti 0. 004 0.011 0.016 0.010 0. 008 0. 008 0. 020 0. 007 0. 027 0. 028
jlh\ Al 0. 007 0.017 0.016 0.016 0.016 0.015 0. 021 0.016 0.019 0.018
= Fe* 0. 946 0. 946 0.944 0.934 0.939 0.963 0.931 0. 989 0. 886 0. 940
5t Fe?* 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
?{» Mn 0.010 0. 007 0. 009 0. 005 0. 005 0. 006 0.013 0. 006 0.013 0.015
3 Mg 0. 001 0. 000 0. 001 0. 002 0. 001 0. 002 0.003 0. 002 0. 002 0. 002
E‘ Ca 0. 001 0. 006 0. 008 0. 004 0. 004 0. 005 0.015 0. 004 0.011 0.012
g& Na 1. 090 1.087 1.042 1.057 1. 096 1. 095 1. 062 1.067 1.041 1. 069
K bd 0. 000 0. 001 bd bd 0. 000 0. 000 bd 0. 000 0. 001

(1) FeO" R24k; (2) bd F MK FHIBR , nd FoRAARI
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N L BRPEAE B A A R RO T R AT A
IR 3, BMEAE < A B R B AR AR FL BN
Si0, & (Si0, =76.9% ~77.9% ) , = ) 4 Bl 7 &
(Na,0+K,0=7.80% ~8.51%) , 5 4 40 i [ Y5 Vi
BUAIRFPE AL 5 A AL (B 6a) o BRPEAE KA1 A/
CNK {4 0.96~1.04 ,A/NK {6} 1.00~1. 10, )8 T
HERR BT—5s i SR B AR B (8] 6b) o Bl A i) A B
A K0 &8 (K,0=4.12% ~4.57%) , K,0/
Na,O {4 0.99~1. 16, 7E K,0—Si0, FEfit_ L7 A%
PPEE AR ME R SIVE Y (B 6¢) , BRPEAE R A B

SR ALO,(11. 16% ~ 11.74%) .Ca0 (0. 20% ~
0.38%) MgO (0.03% ~0.06%) & &, 7E Si0,—A.
R. Efi b, 7% ALEBE X 3 (/] 6d) |, 5 H 223
] P VA AR R A ) — B

BB AL B4 A O+ A (SREE) i 110x107° ~
189x 107°, Fi Lo KA MF R N E ERHH L,
LREE/HREE 254k 5 H 4 3. 45~4.45, (La/Yh) o =
2.54~3.22, Hoh e 4 A0 1 AR B L S R -
(La/Sm) oy F1(Gd/Yb) o HAE 55K 3. 60 ~ 5. 30
M10.42~0.74; HAH B K Eu 5% (Ew/Ed” =
0.15~0. 18) , FEERKLMAbRUELEL /B ff L, 76 £
Fic oy i 28 2 0 AR A A 00 A R MR ZE AT Eu

RIMFETHEEEMNUBMERELETE (%) MBETER(x107°) SHER

Table 3 Major element ( %) and trace element (x107®) compositions of the Wangzhoushan alkaline

granites in Cangnan County, southeastern Zhejiang

. WZ- |20WZ- | 20WZ | WZ- | 20WZ | 20WZ || . WZ- | 20WZ- | 20WZ | WZ- | 20WZ | 20WZ
FEf S | WZ-02 FEfS | WZ-02
03-1 | 4-1 11| 042 2 -10 03-1 | 4-1 11 | 042 2 -10
Si0, |77.63|77.78 | 77.06 | 77.85 | 76.88 | 77.87 | 77.63 Hf 11.6 | 11.3 | 9.57 | 11.2 | 16.2 | 18.8 | 12.5
TiO, | 0.12 | 0.13 | 0.11 | 0.11 | 0.18 | 0.10 | 0.13 Ta 3.08 | 2.92 | 2.55 | 2.84 | 4.25 | 4.69 | 3.17
ALO; | 11.16 | 11.36 | 11.74 | 11.42 | 11.58 | 11.32 | 11.52 Pb 40.8 | 53.2 | 39.8 | 37.1 | 34.6 | 80.6 | 35.5
Fe,0," | 1.22 | 1.20 | 1.15 | 1.09 | 1.86 | 1.37 | 1.33 Th 35.7 | 24.5 | 34.2 | 29.3 | 38.6 | 36.9 | 32.4
MnO | 0.18 | 0.02 | 0.02 | 0.07 | 0.14 | 0.04 | 0.14 U 7.60 | 5.90 | 5.98 | 10.1 | 7.34 | 11.8 | 8.61
MgO | 0.06 | 0.03 | 0.04 | 0.04 | 0.03 | 0.06 | 0.03 La 29.5 | 21.7 | 24.9 | 22.9 | 36.0 | 29.3 | 26.0
Ca0 0.20 | 0.26 | 0.38 | 0.33 | 0.20 | 0.34 | 0.32 Ce 60.5 | 43.1 | 44.4 | 47.3 | 81.9 | 56.1 | 51.4
Na,O | 3.94 | 3.93 | 3.93 | 4.14 | 3.86 | 3.67 | 3.63 Pr 5.98 | 4.55 | 5.22 | 4.20 | 6.78 | 5.41 | 5.03
K,O | 4.33 | 4.48 | 4.57 | 4.12 | 4.22 | 4.14 | 4.16 Nd 18.2 | 14.5 | 17.1 | 12.3 | 20.2 | 16.8 | 15.9
P,0s | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 Sm 4.46 | 3.58 | 4.33 | 2.71 | 4.79 | 4.25 | 3.89
B | 0.58 | 0.56 | 0.51 | 0.33 | 0.55 | 0.60 | 0.50 Eu 0.26 | 0.20 | 0.26 | 0.15 | 0.26 | 0.25 | 0.22
M1 99.43 1 99.75 | 99.52 | 99.50 | 99.51 | 99.51 | 99. 41 Gd 4.99 | 4.01 | 4.76 | 2.84 | 5.66 | 5.13 | 4.31
A/CNK | 0.97 | 0.96 | 0.97 | 0.96 | 1.03 | 1.02 | 1.04 Th 1.04 | 0.78 | 0.88 | 0.58 | 1.24 | 1.05 | 0.87
Sc 5.75 | 5.11 | 3.79 | 3.84 | 7.00 | 4.08 | 4.58 Dy 7.98 | 5.65 | 5.99 | 4.54 | 9.63 | 8.01 | 6.69
\% 1.55 [ 3.05 | 1.10 | 1.06 | 4.55 | 1.31 | 1.28 Ho 1.86 | 1.28 | 1.32 | 1.11 | 2.30 | 1.93 | 1.63
Co 0.07 | 0.20 | 0.02 | 0.03 | 0.19 | 0.20 | 0.04 Er 6.02 | 4.14 | 4.14 | 3.84 | 7.61 | 6.26 | 5.54
Ni 0.30 | 1.29 | 0.30 | 0.20 | 1.11 | 1.15 | 0.17 Tm 1.06 | 0.72 | 0.74 | 0.74 | 1.33 | 1.11 | 1.0l
Ga 23.7 | 23.5 | 23.7 | 24.0 | 26.2 | 24.7 | 23.5 Yb 7.55 | 5.08 | 5.35 | 5.55 | 9.57 | 7.81 | 7.10
Rb 206 | 232 | 296 | 267 | 204 | 296 | 302 Lu 1.18 | 0.80 | 0.84 | 0.89 | 1.49 | 1.22 | 1.13
Sr 15.1 | 4.70 | 6.44 | 7.50 | 13.8 | 17.1 | 4.02 || Ew/Eu* | 0.17 | 0.16 | 0.18 | 0.16 | 0.15 | 0.16 | 0.16
Y 64.2 | 39.9 | 43.3 | 31.8 | 78.2 | 66.6 | 54.8 || SREE 151 110 | 120 | 110 | 189 145 131
Zr 329 | 324 | 285 | 338 | 453 | 539 | 367 | 10000 -
Nb 50.2 | 45.9 | 43.5 | 49.7 | 65.4 | 62.2 | 54.1 || Ga/Al 4.01 | 3.91 1 3.82) 3.96 | 4.28 | 4.12 ) 3.86
Cs 2,46 | 2.50 | 3.14 | 2.21 | 1.77 | 2.21 | 2.44 Iy
817 | 813 | 798 | 818 | 866 | 889 | 844
Ba 150 | 12.7 | 23.6 | 11.2 | 12.3 | 9.05 | 11.1 (C)
#.@D EwEu® :k-(@ A/CNK = n(A1;05) ;@ Fe,0," H A8k @ 1, N A WARE, t,1/C =
: /S xCdy n(Ca0) +n(Na,y0) +n(K,0) 2 Pt A e
10108 o027 15 itEP,M:'l(Ni)(;’ll)“fT(zs';)((’a), R4 44 n(Si) +n( Al) +n(Fe) +n(Mg) +n( Ca) +

0.32+1.16 M+ln —————
w(Zr,.,)/10

n(Na) +n(K) +n(P)=1; w(Zr, ) A Ze BB, T LA Ze BB B 38 Boehnke et al. (2013)
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Bl 6 i A< e BN LU B A6 B 2 M BR 4K~ 92« (a) TAS P (4 Middlemost, 1994) 5 (b) A/NK—A/CNK Kl f# (4% Maniar
and Piccoli, 1989) ; (¢)K,0—Si0, [Eff# ( 3Lk Peccerillo and Taylor, 1976; £k 4 Middlemost, 1985) ; (d)SiO,—A. R. [&
fit (P& Wright, 1969)
Fig. 6 Geochemical classification of the Wangzhoushan alkaline granites in southeastern Zhejiang: (a) TAS classification diagram
(after Middlemost, 1994); (b) A/NK—A/CNK diagram ( after Maniar and Piccoli, 1989); (c¢) K,0—SiO, diagram ( solid
line after Peccerillo and Taylor, 1976; dashed line after Middlemost, 1985) ; (d) SiO,—A. R. diagram (after Wright, 1969)
T ) VA VA P e MR B AE B A AR S | A B AGAESE, 19995 Qiu Jiansheng et al. , 2004; P %45, 2007; Zhao Jiaolong et al. , 2016;
Chen Jingyuan et al. , 2019; Zhang Feng et al. , 2024
The data of Cretaceous typical alkaline granites in Zhejiang—Fujian coastal area are from Qiu Jiansheng et al. , 1999&; Qiu Jiansheng et al. |

2004; Xiao E et al. , 2007&; Zhao Jiaolong et al. , 2016; Chen Jingyuan et al. , 2019; Zhang Feng et al. , 2024

T A R NG R A AR (] 7a) o TEBRGS 3.4 &% Nd BAMLHEFEA Hf FBALR
MR AL A Ik R0 P A b (181 7h) | B AR B e 2R I M L BRPE AL B A 1 42 2E Nd R 2 FES 4 Hf
e Rb K FREFRAICEM Ze HE Th U S R ZRSEE R IR 4 % 5 FME 8, =Btk {6 i
ROt E I 5 Ba S P M Ti,Rb/Sr f1 Rb/  AFEM (WZ-02 \WZ-03-1 WZ-04-2) ) &, (1) Ak
Ba WABE S, 2090 14.8~75.2 F112.6~32.7, TS -4, 2~ =3, 8 XF I R B BB AR



12 o oW T 2025 4F
R4 ZEMNUBHEEREEE Nd BELESTER
Table 4 Whole-rock Nd isotopic compositions of the Wangzhoushan alkaline granites

B AR Sm Nd n("Sm) n("™Nd)/ n("™Nd) exs(1) Tow Ton

L (Ma) | (x10°) | (x10°) | (N Wi 2% ™ (Ga) | (Ga)

WZ-02 91.0 4.46 18.2 0. 1489 0.512408 0. 000006 -3.8 1.18 1.21

WZ-03-1 91.0 3.58 14.5 0. 1497 0.512403 0. 000007 -3.9 1. 19 1.22

WZ-04-2 91.0 4.79 20.2 0. 1442 0.512386 0. 000009 -4.2 1.22 1.24

&5 BN RS A HE BAIRAR
Table 5 Zircon Hf isotopic compositions of the Wangzhoushan alkaline granites

. L n("CHE) /n("THY) a(Tw) | n('YD) [n( ”6Hf)] eui(1) Towmi Tya
(Ma) E 1o n('HI) n(7THE [ LaCTHO L iy lo (Ga) (Ga)
wz-04-2-1 91 0. 282629 0. 000009 0.001891 0. 050286 0. 282626 -3.6 0.3 0.90 1.35
wz-04-2-2 91 0. 282641 0. 000008 0.001648 0. 044441 0. 282638 -3.2 0.3 0.88 1.33
wz-04-2-3 91 0.282595 0. 000012 0. 002956 0. 085633 0.282590 -4.9 0.4 0.98 1.43
wz-04-2-4 91 0. 282554 0. 000009 0.004761 0. 145245 0. 282546 -6.4 0.3 1.10 1.53
wz-04-2-5 91 0. 282637 0. 000007 0.001954 0. 052277 0.282634 -3.3 0.3 0.89 1.34
wz-04-2-6 91 0. 282652 0. 000007 0.001343 0. 036020 0.282650 -2.8 0.2 0. 86 1.30
wz-04-2-7 91 0. 282654 0. 000008 0.001984 0. 054088 0.282651 -2.7 0.3 0.87 1.30
wz-04-2-8 91 0. 282683 0. 000007 0.001132 0. 029642 0. 282681 -1.7 0.2 0. 81 1.23
wz-04-2-10 91 0.282638 0. 000007 0.001796 0. 049226 0.282635 -3.3 0.3 0.89 1.33
wz-04-2-11 91 0.282653 0. 000007 0.001297 0. 035681 0.282651 -2.7 0.3 0.85 1.30
wz-04-2-12 91 0. 282656 0. 000008 0.001443 0. 037628 0. 282654 -2.6 0.3 0.85 1.29
wz-04-2-13 91 0. 282621 0. 000008 0.001828 0. 049444 0. 282618 -3.9 0.3 0.91 1.37
wz-04-2-14 91 0. 282647 0. 000006 0.001556 0. 041907 0. 282644 -3.0 0.2 0.87 1.31
wz-04-2-15 91 0.282662 0. 000007 0.001513 0. 042006 0. 282660 -2.4 0.2 0.85 1.28
wz-04-2-16 91 0. 282640 0. 000007 0.001817 0. 050281 0. 282637 -3.2 0.3 0.89 1.33
wz-04-2-17 91 0. 282639 0. 000006 0.001651 0. 047053 0. 282636 -3.2 0.2 0. 88 1.33
wz-04-2-18 91 0.282630 0. 000009 0.002116 0.057228 0.282627 -3.6 0.3 0.91 1.35
wz-04-2-19 91 0.282619 0. 000009 0. 002673 0.076324 0.282614 -4.0 0.3 0.94 1.38
wz-04-2-20 91 0.282612 0. 000006 0. 002454 0. 068876 0. 282608 -4.3 0.2 0.94 1.39
20WZ-11-1 90 0.282623 0. 000010 0. 004780 0. 188144 0. 282615 -4.0 0.4 0.99 1.38
20WZ-11-2 90 0.282643 0.000012 0. 004190 0. 165403 0.282636 -3.3 0.4 0.94 1.33
20WZ-11-3 90 0. 282606 0. 000012 0. 005160 0.202078 0. 282597 -4.6 0.4 1.03 1.42
20WZ-11-4 90 0. 282620 0. 000012 0. 004140 0. 161667 0. 282613 -4.1 0.4 0.98 1.38
20WZ-11-5 90 0.282602 0. 000011 0. 005420 0.208911 0. 282593 -4.8 0.4 1. 04 1.43
20WZ-11-6 90 0.282603 0.000012 0. 004790 0. 185417 0. 282595 -4.7 0.4 1.02 1.42
20WZ-11-7 90 0. 282635 0. 000010 0. 003220 0. 124229 0. 282630 -3.5 0.4 0.93 1.35
20WZ-11-8 90 0. 282591 0. 000013 0. 005000 0. 194597 0. 282583 -5.2 0.5 1.05 1.45
20WZ-11-9 90 0.282618 0. 000013 0. 004800 0. 187745 0.282610 -4.2 0.5 1. 00 1.39
20WZ-11-1 90 0.282624 0. 000011 0. 004670 0. 184746 0.282616 -4.0 0.4 0.98 1.38
20WZ-11-11 90 0. 282603 0. 000010 0. 004990 0. 197171 0. 282595 -4.7 0.4 1.03 1.42
20WZ-11-12 90 0.282611 0. 000010 0. 004680 0. 184166 0.282603 -4.4 0.4 1.01 1.40
20WZ-11-13 90 0.282630 0. 000013 0. 004630 0. 181482 0.282622 -3.8 0.5 0.97 1.36
20WZ-11-14 90 0. 282610 0. 000012 0. 003880 0. 152835 0. 282603 -4.4 0.4 0.98 1.40
20WZ-11-15 90 0.282614 0. 000012 0. 004530 0. 177240 0. 282606 -4.3 0.4 1.00 1.40
20WZ-11-16 90 0.282630 0. 000014 0. 004380 0. 169489 0.282623 -3.7 0.5 0.97 1.36
20WZ-11-17) 90 0.282630 0.000011 0. 003680 0. 143091 0.282624 -3.7 0.4 0.95 1.36
20WZ-11-18 90 0. 282662 0. 000010 0. 003060 0. 116962 0. 282657 -2.5 0.4 0. 88 1.28
20WZ-11-19 90 0. 282619 0. 000010 0. 004610 0. 182594 0. 282611 -4.1 0.4 0.99 1.39

T R P SHOTHT AR S R De 4 (2022) .
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Fig. 7 Chondrite-normalized REE distribution patterns (a) (normalization values after Anders and Grevesse, 1989) and primitive

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

mantle-normalized trace element spidergrams (b) (normalization values after McDonough and Sun, 1995) of the Wangzhoushan

alkaline granites in southeastern Zhejiang

SIEAT T 19 A 19 AR S O BS A 1S TR R 4

9
g|® = i BT, FLHIUE n(THE) /0 (TTHE) {52518 0. 282546 ~
7 WZ04-2 g 0. 282681 £ 0. 282583 ~0. 282657 ,&,,( t ) {H 535l A -
6f 19 = 6.4~—1.7 FI=5.2~ -2.5 %) — Hr B 2 47 i
st : T TEAT 3R 1.53~1.23 Ga F11.45~1.28 Ga,
E i 4 it
2} : 4.1 EERAXRENERE
oy M i HRRPE BTSSRI N LB E B 5 4
D T — E— JE BB K AT A7 SR B B B (BRI
10 2 FIRIBEAT) , bl Dk DR 4 55 L A T
AWz 11 5 BUF WA A A 32 ] (1 3b—d) |, S ek
I 52~25 : BER W L . MR 2 KA, S
6l § Yo SRS SR OCR AR (B 3b) RN A
g, : BSR4 b, UL TR H i (18] 3a) , F67R AR 1
: {2 R BEHEH (Mushkin et al. , 2003) . B #2545
2t fiE b, BN LLUBME 2B 13245 11 9 DR 58 15 9
i S E WEEF AT LUy BAE 5 IR £ RIS B 76 1 o
14-12-10 -8 6 -4 -2 0 2 4 6 8 [uEARKINA RITEA L R4 (Zhao Jiaolong et al.
Eud 1) 2016; Zhang Feng et al. , 2024) ALl (& 5) ,{H 5
FEL 8 AT M LB A 422657 1 I3 2 4 U e B DR 55 A L, S L B
Fig. 8 Hf isotope composition of the zircons from A6 5 2= 4 4k TR A A 6 e gk ( FeO" = 23.89% ~
Wangzhoushan alkaline granites in southeastern Zhejiang 30. 12%) . T kNS Bk A ( FeO' = 28. 89% ~
32.54% ;Na,0 =14.53% ~15.71%) , 47 #HEk1k
Toe FHALEDY 1.24~1.21 Ga. SERRAE L, SN LBV 6 4 % BLAT 7 B ( Si0, =
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8.51%) Tk 15 B, &% Rb K K& KA T
F M Nb . Ta Zr Hf %5358 0%, 5 Sr.Ba P Ti
Al 2 1 Eu 01 %%, B A & 1Y 10000Ga/Al {H
(3.82~4.28) Fl FeO"/MgO {H (21 ~65) ZE451E , 5
AR A IR 5 75 1 MR Ak 2% A7 AiE— 35 ( Whalen et
al., 1987) . AHAR AR 108 25 51 S s 2N 1
B A6 B e LA R B 4 R B, i 798 ~ 889°C
(Boehnke et al. , 2013) , {78 A BUAE 5 A5 1A =5 45 i
JREHRFE (Bonin, 2007) . 7E 10000Ga/Al 5 (Zr+Nb
+Ce+Y) Zr Nb . (Na,0+K,0) % A FILE b 51 1] ]
i L BN LB A6 B2 T A A S VR FE A LG
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W) (BRI FISE A7) , B B LM AR B o 2
LAY RE A RUAE R e S W T Vi M A A Y
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4.2 FAKBERT

X T A R LA BTN F 20 A A4k
i 2 (A5 2E SN AR T 3 Je Rl 4 ) R AL o 2 A
FEALLT 4 Foft A QO 8 I8 5P S 03
2t &k (Turner et al. , 1992; Frost and Frost, 1997;
Mushkin et al. , 2003; Namur et al. , 2011) ;@ £
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Cretaceous typical alkaline granites
in Zhejiang-Fujian coastal area

P& 9 i 2 B BN LU E 46 B %5 10000Ga/ Al—( Zr+Nb+Ce+Y) (a) (#& Eby, 1990) .Zr Nb . ( Na,0+K,0)—
10000 Ga/ Al FUFIE (b) —(d) (# Whalen et al. , 1987)
Fig. 9 10000 Ga/Al—(Zr+Nb+Ce+Y) (a) (after Eby, 1990), Zr, Nb, (Na,0+K,0)—10000Ga/Al (b)—(d) (after

Whalen et al. , 1987) discrimination diagrams of the Wangzhoushan alkaline granites in southeastern Zhejiang
P20 T IR Y S TR B A B B R U IR 1] 6

The data sources of Cretaceous typical alkaline granites in Zhejiang—Fujian coastal area are the same as Fig. 6
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Fig. 10 Whole-rock &y,(t) — t(Ma) diagram (a) and zircon gy (t) — t(Ma) diagram (b) of

the Wangzhoushan alkaline granites in southeastern Zhejiang
LE R T M ST AR R BRI IE A5, 1993, AR 4R B MBI M 70 SL G T AL B4 Xu Xisheng et al. , 2007, B0, 7 Aot B AE L |
KA L1 IR 8 B PR AL B 9 2a Nd [R5 A A 1 T 2 3 Btk IR 14 6

The Proterozoic crustal evolutionary area of SE China is after Shen Weizhou et al. , 1993&, the evolutionary area of the eastern Cathaysia crustal

basement is after Xu Xisheng et al. , 2007. The whole-rock Nd isotope and zircon Hf isotope data sources of alkaline granites from Yaokeng,

Qingtian, Kuiqi, Taohuadao, Daqingshan and Xiazhidao are the same as Fig. 6

FU 1T BRI B A B s FRORL S AH T Hb7e 15
PRI R ( Collins et al. , 1982; Clemens et al. , 1986;
Whalen et al. , 1987) ;@ & HT K T A A
(AN RN A AR B A ) TEAR R 254 T Bk
J% @ ( Skjerlie and Johnston, 1992; Patino Douce,
1997) ;@ WA I 5 72 A 3K R A IR & Itk
— A aE LAY rE W) ( Bédard, 1990; Qiu Jiansheng
et al., 2004; Yang Jinhui et al., 2006, 2021;
Barboni and Bussy, 2013) . ZEH LML G = HA
PR RE | B B, E SR8 1 B BT (A/CNK = 0.96 ~

1.04) , & SERH AR E FEA0E (W Rb K) 4
RHE B T 5 b5 W) A JC R IR, 28 M 1L e 1
BRI A e () E -4, 2~ =3, 8, A FE i S 7%
AAERG I T TR ) 0 (& 10a) , — BB Nd
BERAEWS Ty, HN 1.24~1.21 Ga, BEMXTRE
M HRBL AR A ) Nd BEAR I (1. 8 ~2.2 Ga) (B
TTIESE, 1999) , 856 ey (1) HA-6.4~-1.7, 1A
i BTEE R AR LK 2 (& 10b) , — B
B Hf AR IR T, 8 1.53~1.23 Ga, BFET
FRAE M P Hh 5T BE IR JE BUAFE % (1,85 Ga; Chen

* 6 HTEIEEAZLRMEERENERER T HEARFEMRREKUFEZSH
Table 6 The crystallization age, mineral composition characteristics and representative geochemical parameters

of the Cretaceous alkaline granites in Zhejiang—Fujian coastal area

ik i Al (Ma) | OWLLRARAE | Si0,(%) | Eu/Eu* & nalt) & (1) ORI

Hil | LR | 88.120.9 76.8~78.7[0.13~0.15 |-6.3~-5.7|-7.7~-3.1| Zhao Jiaolong et al. (2016)
oAb | MEAERd A | 89.2+1.0 78.2~78.5[0.11~0.13 |=6.3~-6.0{=7.5~~2.2| Zhao Jiaolong et al. (2016)
WRIRE Y | BRPEAE K | 86.1£0.8 | A3 KEKA . |76.6~77.7|0.09~0.13 |=6.5~-5.8(=6.3~~1.6| Zhao Jiaolong et al. (2016)
FH | AR | 101,22, 1 | R A ARl 75.0 0.14 -8.2 Qiu Jiansheng et al. (2004)
ML | BREEAER A | 91.10£0. 62 | ZRIN A T A | 76.9~77.9(0.15~0.18 |-4.2~-3.8|-6.4~-1.7 A

PRI | MRS | 91.322.5 | A 77.5~77.8[0.15~0.20 |-1.4~-0.7|-6.7~~-1.4 H 1845 (2007)

. ] o Chen Jingyuan et al. (2019) ;
LI | BRI R 96=1 76.4~77.9(0.16~0.21 |-4.0~-2.7| -1.3~3.3 Zhang Feng ct al, (2024)
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Jiangfeng and Jahn, 1998; Xu Xisheng et al. , 2007) ,,
Ph_L IR 2R RRAE R B, BN 1L B A <) 25 AN 2 B4l
AL YR T b7 B A0 o 1) A5 Tl A I o e v A
PRI . FRATBCER 1 W7 B 9 16 1 S 20 B R i
PEAE I B A AR G5 AR A M BRIk 7 A m) a2
R IR ETORE PRGN 2% 6, X L HA A 1447
B AN L3R BRI, B T BEA R, Nd
[Fi) (o 2R A 5w LA A, At S 4 15 B M L s 1 A
B — R R HL A AR S 1Y Nd—Hf [F] 47 3R 4,
TS WL ) T Y 1 e 2 M A e 2ty IR U DX 3k A

5 A0 B BTRR (1] 10) o BN L DX A1 3t S 9
A R I EEPE A KA Ll AR B A R v ) SR AR B
WRER T DXBAEAET 2 AR IR ARG B, 78 12
AR IE s 3 R R 18 s RIS
RRHCPEARRE R — T HTIE B 4 km B X
BTUH A= M52 (IR A 44, 1999 Dong Shuwen et
al., 2020), BLAb, fiL B9 Ba [F 47 Z WF 58 KB, #
] PV Ak A B2 KT L R AR IR I3 1 46 1 2 14 R
KA A HLFE VR X 32 ) T8 Na B3R AR 2240, iX
PR AR AR A ] BB ok B & /K8 U5 A K 5 BT 0
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Fig. 11 The diagrams of Nb—Y—Ce (a), Nb—Y—3Ga (b), Yb/Ta—Y/Nb (¢) and Ce/Nb—Y/Nb (d) for
the Wangzhoushan alkaline granites in southeastern Zhejiang (after Eby, 1992)
FEYT T by BEAE S ACTE 1L SRR 5 B AL B A B R TR IR 1 6

The data sources of alkaline granites from Yaokeng, Qingtian, Kuiqi, Taohuadao, Daqingshan and Xiazhidao are the same as Fig. 6
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( Jiang Dingsheng et al., 2022), Zhang Feng %
(2024 ) XoF W7 i) Y VA M b DX T—A LT 5 78 b A A
M HLER AL 2 D58 (4 0y B IR AT R EE W) 55 )
F LI AR A HUAE B AR AR R 1B A A
3 % B8 IR F F—HFSE—REE B2 3 14 14 52
R L SNERDE R . BRI B AE i 7 5 e
UG B P 4K B 5 EL A A AL B 27 (2 o A AL
BRPEBRE T 1)) A0 S R R AL SR R AE AT 2
L 3 BH BB LB 4K B 2 P ek 2k B ) 2 B
ARG, TS TR, FLANRRIN A o
PR AU (] 3e) , ST i I R T BE S
IS 9] S F—HSFE—REE Wi 44 i858 A8 Fn &
SANEFIA 5% ( Zhang Feng et al. , 2024), Jf H B
LR A6 B 2 7= T8 el 11 P, T RE S K Ll
R GEH AL 5% B A e 7R e TR AN R E TR,
PR R ATE B, X R 7R T 25 3% T BE 32 1)1
IR s F—HFSE—REE #is M it 74 (1) 22 AR sead fn 2
YER R 2R G S LB AR i) B S
MERR—S a0, & R LR FoR A TR
HERTEZEAEAE A X7 401 A 425 Nd R R Fgs A
HE [G7 ZEUEHE AN ™ H A s 75 5%, AR 2 2
I LB A6 B 2 2 R R T 7 T A IR A 2R RIS
12, 5 B LIl W) 0T s fl ™ AR I AR R AR
FRIRG It — L E K SR RN o
K P 8 A I A S AR A I B v R P A TR
ALk
4.3 HMIREX

SN LA AR B 5 1 Y/Nb fH ol 0.6~1.3, K
ZH<1.2,#E Nb—Y—Ce I Nb—Y—3Ga —ff1 Kl fi#}
(& 11) (Eby, 1992) B LA S S 7E A A, BIAE
A IR B, R B B AR B R S
SN L AR RL, FE S AR AE A AR I A X3
PN EEARAE T RN LB 1 B 25 R B A Bk A6 1 R
FILARE T A, BIAE R TR IR 5 2 AR i st
TE A, BUFN A, BUTE B A XA A . RHREE R
LIS B AE B A (97 Ma) AT HI A& M 48 5 & (101
Ma) 7EHBERIL 22 I s A, TR0 A, AL
(B11)  TEAE B 1 08 00 ) T8 e (1R 12)
SEN LB AL B -5 T T Al TR Rl A
FAE T B Y 1 R AG T A DGR EE T B Ll
A i) T 1] 1 VLA A A Bl 0 hy e ) i B
H1(101~86Ma) 73K 7 W), g A58 R W% B b
T 7 T Y T DXL Ak oty TSP Al e s A S A e J
BT 5 R (Zhao Liang et al. , 2021; Guo Feng

et al. , 2021) , 18 5 B 5 0 LIl S BUW FE s AH B
YEF 235 Z0, Wi ) Y Vg A oI (e e PR 1 Y5 40 ot
() JEC AR AR S5 T RIE )8 1 ) s 100 EL VR b 2R )
AT YRR B P IR D, (A T R i, B L e
YA 5 e A ] I AT A BE ORI 46 e 7 (B A U-
Pb 4F %4 91. 3+2. 5 Ma; M 45,2007 ) &8 HAT 43
BHAIY) A, BIAE B A AR AE AR LA 45 HE [ 2R 4]
B, AFEE N LB AL 5 A 45 Nd R 28 4 B 7Y
WA (K10 F111) , RTIRGUIIE AL <) 7 ) A A Hi ek
fE2EA T 2 A 8 JR 2 43 X% A R A B g EL A 2
BTk, (H DA — A R 2 2l TR W 24 280 5 | i U 2
SHER FEH S 5 AR #5,2007) . K
SRR IR LM R T XIS B AR T M
FoA A R ARTE AR s A R T IR AR AN
HRIREVERN Iz kA, N30T AR ik
L—AR A 5l B2 A 10 R AR IR B 2 Rk
SN LB AR 4 2555 483 1 [T IS 57 (100 ~ 93
Ma) ) e JE 3% L i DXCR T2 oKL 42 A 2 il oy
(Zhao Liang et al. , 2021) AH{BL, {HEE M 111 B 14 AE B
1) Nd—Hf [F7 2% 20 B A be T e MV Ll Ll s 7
T 48, e T A DR S TG R B I o
MR o ORI i Pl L 3 R R 348 i, e Y0540 I T R
HEH . T3Hh RN LR K13 S R R T FR Y I S0 5T
KLCE EATT S TR AL 2 [ I P4 T v
AR EE W I AR AR AR 2 R I KL —(R A S —
FE B KL R B 1 KL A FUR A S B % D1 i A
BEZ& (4 Yan Lili et al., 2016, 2018; Liang
Changhong et al., 2022; K5 Atk 4 4, 2021
) o N Ll B R AR R i RE R A
RUAE B2, A 0 F 2R F T vl LAt e Ll Fnrbeis LY
AW RKIES AR IERBEES BN LA
MBI 5E 2R IR A ok 7R IR AN A A SR AE TR G 1k
YERIAALAT DA B KL A 5 BRb ™ 26 2 A i
PERY T YR A T T DAFENS I8 & S AR i E T T
T G g 9 5 2

5 4k

(1) BN L AL i) 7 B SR el R B
(EMERIN A RN SE A ) (b & 0, 055 BE R, B AR
Rb K %5 K& F2£ A JCE M Nb Ta Zr Hf %5 5308
JGE , 7 Ba Sr P Ti, =1 10000Ga/ Al 1B F1#E 1 il
T EE (798 ~889°C ) 114+ AH 7 Fl1 b BK Ak 7 R A1F | A2 it
IR A TUAE R A

(2) #5471 LA-ICP-MS U-Pb E4FE45 R B B M
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Fig. 12 Discrimination diagrams of tectonic settings for the Wangzhoushan alkaline granites in
southeastern Zhejiang ( after Pearce et al. , 1984)
Syn-COLG—[Fl M AL 4 45 5 post-COLG—/5 R A i< 2 , 1 28 7] 18] X 3 Pearce, 1996; VAG— K IR K 4 ; WPG—HRINAE X 5

ORG—IEHTERI# .
Syn-COLG—syn-collision granite ; post-COLG
WPG—within-plate granite; ORG—ocean ridge granite.

Daqingshan and Xiazhidao are the same as Fig. 6

#4 91.30+1. 10 ~ 90. 43 +
0.76 Ma, W1 St R0 A SIS 2 i ), & 5 W)
s T3 ) VR )3 AT BB AR B A (101 ~ 86 Ma)
RN, BT Tl AV A v A AR o S R A
T, Bl I (e R EE IR, e 5 4 I DT k%
EI T AR TR 45 55 IR R 0 IR

LB AE B 2 O 45

B B
PEREIB=

N

—vpost-collision granite, dashed line circle area is after Pearce,

TRV T R BEAE R KT L MR B B AR B B R DR 15 6

1996; VAG—volcanic arc granite;

The data sources of alkaline granites from Yaokeng, Qingtian, Kuiqi, Taohuadao,
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Determination and geological significance of A-type granite from

Wangzhoushan caldera in southeastern Zhejiang

ZHANG Zhi" | CHU Pingli® , ZHAO Kai" , HE Zhenyu” , XU Xisheng"
1) State Key Laboratory for Mineral Deposits Research, School of Earth Science and Engineering,

Nanjing University, Nanjing, 210023

2) Nanjing Centre, China Geological Survey, Nanjing, 210016;

3) School of Civil and Resource Engineering, University of Science and Technology Beijing, Betjing, 100083

Objectives: The Wangzhoushan caldera is located in Cangnan, southeastern Zhejiang, and the main eruption

products are Late Cretaceous rhyolites and rhyolitic pyroclastic rocks. The central intrusive body in the caldera is

the typical alkaline granite, containing typical alkaline ferromagnesian minerals such as arfvedsonite and aegirine,

and develop micrographic texture and miarolitic structure.

Methods: Based on the field work,, we conducted mineralogy, petrology, zircon U-Pb geochronology, whole-
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rock geochemistry, whole-rock Nd isotope and zircon Hf isotope studies for the Wangzhoushan alkaline granite.

Results: LLA-ICP-MS zircon U-Pb dating results show that the crystallization ages of alkaline granites are 91.
30+1. 10 ~90. 43+£0. 76 Ma. The alkaline granites have high SiO, contents (76. 9% ~77. 9%), and alkalis
contents (Na,0+K,0=7.80% ~8.51%), and low CaO, MgO, Al,O;. They are rich in large ionic lithophile
elements (LILE; e. g., Rb, K) and high field strength elements (HFSE; e. g. , Nb, Ta, Zr, Hf), poor in Ba,
Sr, P, Ti, and show high 10000Ga/Al values (3.82~4.28) and high zircon saturation temperature (798 ~889
°C). Different samples of the Wangzhoushan alkaline granites have similar whole-rock Nd isotopic compositions
[en(t)= —4.2~-3.8] and zircon Hf isotopic compositions [ &y ()= —6.4~—1.7], indicating that the
Wangzhoushan alkaline granites may be mainly derived by partial melting of crustal materials with minor
contributions from mantle-derived components.

Conclusion:; The Wangzhoushan alkaline granites belong to the typical peralkaline A-type granite, which is
another example found in the coastal areas of Zhejiang and Fujian Provinces. The magma generation of the
Wangzhoushan alkaline granites and the contemporaneous coastal alkaline granites (101 ~86 Ma) in Zhejiang—
Fujian is controlled by the subduction and rollback of the paleo-Pacific plate in the Late Cretaceous. Under the
strong extensional tectonic setting, the depleted mantle-derived magma upwelled, resulting in the partial melting of
the middle and lower crustal materials, and the magma of the high-silica peralkaline A-type granites were formed by
the magma mixing and fractional crystallization processes.

Keywords: Wangzhoushan caldera; alkaline granite; geochemistry; petrogenesis; SE China
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