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Fig. 1 Geological map of eastern Shandong (a) and that of Dazhushan granite(b)
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Fig. 2 Petrography of the Dazhushan granite in Qingdao: (a) veined granite; (b) spodumene and plagioclase; (c¢) late veins;

(d) sericite and magnetite; (e) : automorphic sericite and biotite; (f) quartz embedded in feldspar; (g) baylike potassium

feldspar; (h) granite hand sample
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16.11% ~16.16% ; A/CNK = 0.93 ~ 1. 01, J& T3 48
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Table 1 Major elements( %) , trace elements (x10™°) and rare earth elements (x10™®) in Dazhushan granites, Qingdao

RS GZK-1 DZS-1 DZS-2 DZS-SS | DZS-DL | DZS-Z DZS-H | DZS-CD | DZS-YX-1 | DZS-YX-2
Sio, 74.18 74. 62 72.92 74.97 74.24 73.18 74.76 66.97 67.38 67.79
TiO, 0.18 0.13 0.28 0.11 0.17 0.18 0.15 0.43 0.44 0.41
AL O, 13.18 13.24 13.49 12.28 14.72 14.03 13.33 16. 11 16.16 16. 15

TFe, 05 1.38 1.09 2.01 0.68 0.85 1.11 1.05 1.64 2.48 2.45
TFeO 1.24 0.98 1.81 0.62 0.77 1.00 0.94 1.48 2.23 2.20
MnO 0.04 0.05 0.08 0.03 0.04 0.04 0.05 0.10 0.09 0.10
MgO 0.26 0.14 0. 30 0.12 0.23 0.23 0.15 0.58 0.47 0. 40
Ca0 0. 80 0.67 0.73 0. 60 0.16 0.63 0. 68 1.77 1.05 1.02
K,0 5.01 4.89 4.52 4.62 0.18 5.46 5.01 5.04 5.80 5.94
Na,0 4.29 4.46 4.41 4.08 8. 66 4.36 4.32 5.14 4.71 4.78
P,0; 0.05 0.03 0.09 0.02 0.03 0.05 0.03 0.17 0.09 0.08
VN 0.51 0.57 1.03 2.42 0. 68 0.59 0.38 1.75 0.58 0.38
Js8 s 99. 88 99. 88 99. 87 99.92 99.94 99. 86 99. 89 99.70 99.30 99. 49

K,0+Na,0 9.30 9.35 8.93 8.70 8.83 9.82 9.33 10. 18 10. 57 10.73
K,0/Na, 0 1.17 1.10 1.02 1.13 0.02 1.25 1.16 0.98 1.22 1.24
A/CNK 0.94 0.96 1.00 0.96 1.00 0.99 0.97 0.94 1.01 1.00
A/NK 1.06 1.05 1.11 1.05 1.02 1.07 1.06 1.16 1.14 1.13

[ 254850 (ST) 2.11 1.21 2.29 1.15 2.16 1.87 1.28 4.21 2.98 2.50
FEAANIRE (C) 836.3 836.8 851.8 840.0 840.9 845.8 838.6 852.5 862.6 859.5
S SEAREL( DI 93.37 94. 68 91.03 95. 86 96. 65 94.01 94. 46 87.21 87.07 88.32
Mg* 26.93 20.26 22.76 25.17 34.98 28.84 21. 67 41.38 27.29 24.22

Be 5.93 9.50 7.40 4.03 3.95 8.95 6.29 2.71 2.52 2.44

Li 17.17 93. 00 25.76 12. 68 14.53 15.82 22.57 20.78 23.83 35.99

Se 1.88 1.64 2.95 1.74 2.36 2.06 2.26 4.49 3.49 3.35

% 12.00 9.25 13.69 7.61 11.74 11.77 10. 48 19.83 24.03 20.03

Cr 11.80 12. 14 13.84 12.21 13.93 12.70 13.32 26.55 9.70 3.00

Co 1.41 0. 69 2.37 0.27 2.55 1.01 0.61 3.18 3.51 2.59

Ni 5.62 1.61 12.18 1.40 2.54 2.65 1.20 4.13 5.28 1.69

Cu 0.74 0.67 1.66 0.76 1.69 1.49 0.83 3. 60 2.12 1.38
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R GZK-1 | DzS-1 | Dzs2 | DzS-SS | DZS-DL | DzS-Z | DZS-H | DZS-CD | DZS-YX-1| DZS-YX-2
Zn 27.57 | 26.04 | 42.02 1222 | 34.02 | 26.20 | 21.55 51.74 | 46.02 | 40.39
Ga 17.33 19. 80 19. 54 16. 56 18.94 18.32 18. 36 16. 85 17.59 18.37
Rb 171.89 | 237.74 | 166.85 | 179.27 | 4.40 | 210.94 | 199.63 | 101.81 | 116.24 | 116.54
Sr 99.60 | 69.13 | 161.35 | 34.85 | 127.83 | 136.82 | 60.50 | 181.46 | 185.60 | 160.55
Y 20. 03 35.26 | 26.21 14.53 8.32 17.38 14.74 18.30 | 20.43 16.75
Zr 97.58 | 158.06 | 175.02 | 131.28 | 108.18 | 75.99 | 127.37 | 141.16 | 353.57 | 361.44
Nb 33.62 | 56.89 | 56.48 27.42 | 27.92 | 25.89 | 35.81 27.50 | 28.95 | 26.33
Mo 0. 64 0.78 0.98 0.10 0.16 0.16 0.10 1.39 1.67 4.46
cd 0.00 0.00 0.02 0.00 0.01 0.03 0.00 0.25 0.55 0.55
In 0.03 0.03 0.06 0.02 0.02 0.03 0.03 0.05 0.04 0.03
Sn 2.56 2.16 4.80 1.46 2.29 2.81 2.18 1.53 1.57 1.37
Sh 0.11 0.14 0.12 0.12 0.10 0.11 0.12 0.04 0. 04 0.03
Te 0.02 0.04 0.02 0.01 0.01 0.04 0.03 0.01 0.01 0.01
Cs 2.58 1.75 1.34 1.02 0.13 3. 14 1.81 0.79 .12 1.02
Ba 399.75 | 271.82 | 307.60 | 146.95 | 23.50 | 567.27 | 271.07 | 729.71 | 859.49 | 698.06
Hf 3.90 7.12 7.37 5.59 4.23 3.28 5.64 4.23 9.68 9.98
Ta 2.33 3.25 2.81 1.57 1.82 1.49 2.38 1.53 1.63 1.42
W 0.48 0.79 0.93 0.46 0.43 0.71 0.53 2.63 1.01 1.37
Tl 0.78 1.15 0.92 0.88 0.06 0.88 0.91 0.48 0.51 0.51
Pb 16.88 | 24.73 20,16 | 26.22 3.27 28.08 | 30.49 14.13 18. 44 17.08
Bi 0.08 0.08 0.08 0.15 0.05 0.09 0.23 0.01 0.02 0.01
Th 7.88 22.23 22.57 20.77 19.98 19.09 | 33.28 11.84 1. 14 11. 44
U 1.50 4.43 2.99 311 1.77 2.50 3.34 1.78 1.35 1.21
La 44.04 | 36.63 | 45.54 | 29.14 | 24.95 53.35 | 44.62 | 102.52 | 125.87 | 133.55
Ce 67.54 | 58.97 | 96.00 | 41.11 64.34 | 77.66 | 66.48 | 174.27 | 204.93 | 210.73
Pr 6.65 6.30 8. 44 3.71 3.25 6.91 6.03 17.88 20.30 | 20.00
Nd 22.84 | 22.99 | 30.98 11.93 9.75 21.90 18.77 | 58.59 | 63.35 58.88
Sm 3.74 4.47 5. 81 1.87 1.40 3.25 2.68 7.65 8. 14 6.81
Eu 0.52 0.38 0.47 0.26 0.19 0.55 0.35 1.32 1.24 0.97
T 0.56 0.77 0.87 0.32 0.22 0.45 0.37 0.79 0.87 0.69
Gd 3.37 4.32 5.13 1.79 1.13 2.64 2.26 6.94 7.52 6.55
Dy 3.22 4.97 5.10 1.95 1.30 2.58 2.20 3.78 4.27 3.26
Ho 0.66 1.09 0.98 0. 44 0.29 0.54 0.48 0.69 0.79 0.61
Er 2.04 3.47 2.95 1.60 0.95 1.82 1.67 2.00 2.31 1.90
Tm 0.34 0.63 0.50 0.29 0.19 0.32 0.31 0.29 0.33 0.29
Yh 2.32 4.21 3.23 2.19 1.38 2.17 2.24 1.99 2.23 1.96
Lu 0.37 0.68 0.51 0.35 0.23 0.37 0.39 0.34 0.37 0.34
Nb/Ta 14. 46 17.50 | 20.08 17. 46 15.31 17.37 15.07 17.96 17.72 18.56
7o/ Hf 25.00 | 22.21 23.74 | 23.49 | 25.58 | 23.18 | 22.60 | 33.39 | 36.54 | 36.21
7Y 4.87 4.48 6.68 9.03 13.01 4.37 8. 64 7.71 17.31 21.58
St/Yh 42.97 16.44 | 49.97 15.93 | 92.66 | 63.10 | 26.95 91.37 83.36 | 81.93
S REE 178.26 | 185.15 | 232.71 | 111.47 | 117.87 | 191.89 | 163.59 | 397.33 | 462.96 | 463.29
LREE 145.34 | 129.75 | 187.23 | 88.01 | 103.88 | 163.63 | 138.94 | 362.22 | 423.83 | 430.94
HREE 31.98 | 53.95 | 44.10 | 22.79 13.55 27.44 | 23.89 | 33.98 37.90 | 31.33
LREE/HREE 4.54 2.40 4.25 3.86 7.67 5.96 5.82 10. 66 11.18 13.76
(La/Yb) 9.78 4.48 7.26 6.85 9.30 12.66 10.23 26.56 | 29.09 35.06
La/Nb 1.31 0. 64 0.81 1.06 0.89 2.06 1.25 3.73 4.35 5.07
Th/Nb 0.34 0.97 0.73 1.74 2.05 0.87 1.77 0.20 0.18 0.19
Th/La 0.18 0.61 0.50 0.71 0.80 0.36 0.75 0.12 0.09 0.09
8Eu 0. 44 0.26 0.25 0.42 0.45 0.56 0.42 0.54 0.48 0.44
(La/Sm) 4.91 3.41 3.26 6.50 7.42 6. 84 6.93 5.59 6. 44 8.17
ia‘z;A/CNK:n( G0) +Z(( ;EZ(:;))+n( %03 ANK = N:Z(OA)]?SZ i{zo) sMg* o M;L)(i\-/[ng()TFe) o e L 0 DL RE XU 45 | 2019 DI =
s % - . e I 100%xn( MgO 2Euy
T BT+ l’f‘ﬂ%ﬁ/\JJ@??)SEHJ:{(E;SI:n<MgO)+n(TFeO)+H(TF220§1))+”(Na20)+n(K20) OBu= o B

Smy Gdy PRI ZFIIME
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Fig. 3 TAS diagram(a) (after Irvine et al. , 1971) and K,0—Si0, diagram(b) of
the Dazhushan granite in Qingdao (after Rickwood et al. , 1989)
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Fig. 4 Simple REE distribution pattern (a, after Sun et al. , 1989) and Primitive mantle—normalized trace element

spider diagram (b, after Sun et al. , 1989)
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Table 2 Electron probe analysis results ( %) of plagioclase in Dazhushan, Qingdao
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MEas MR IE (B 74 2021), HTFZEE U
HER AR, & L B S (AR
4 2021) . FEShTAE AT U=248%10"°~2145x107°,
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Si0, | 62.403 | 68.790 | 65.680 | 61.090 | 65.280 | 62.543 | 61.740 | Si | NaAlSi,Op 75 Wy b BR AL 2 45 E (25 ik L B
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Fig. 5 Electron backscatter images of plagioclase minerals in the Dazhushan granite in Qingdao: (a) striated feldspar; (b) long

columnar plagioclase; (c) altered striation feldspar; (d) altered feldspar) ( Pictures are magnified 60 times, 15 kV voltage

shooting)
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Fig. 6 Representative zircon cathodoluminescence images of the Dazhushan granite in Qingdao
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Fig. 7 The representative zircon age concordia diagram (a) and weighted mean age diagram (b) of

the Dazhushan granite in Qingdao
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Table 4 Trace element characteristics of zircon and calculation results of zircon Ti temperature in Dazhushan, Qingdao

K5 Ti |Y (%)| Nb La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm
DZS-H-1 5.0 | 2.39 | 33.1 | 85 |173.0| 2.4 | 15.1 | 9.1 | 2.8 | 61.0 | 19.9 |225.0| 75.9 | 368 | 79.3
DZS-H-2 10.3 | 2.30 | 25.8 | 0.1 |182.5| 0.4 | 5.5 | 10.6 | 3.6 | 57.5 | 17.8 |207.6 | 75.0 | 350 | 70.7
DZS-H-3 7.1 | 2.34 | 37.4 | 0.0 |126.1] 0.2 | 3.2 | 7.6 | 2.3 | 47.7 | 16.6 |207.5| 76.2 | 370 | 78.8
DZS-H-4 9.2 | 1.83 | 20.9 | 0.7 |143.1] 0.5 | 6.0 | 10.4 | 2.9 | 49.7 | 15.3 [172.0| 59.0 | 280 | 56.2
DZS-H-5 6.5 | 1.92 | 29.2 | 0.0 | 8.0 | 0.1 | 2.0 | 5.8 | 1.4 | 39.2 | 13.5 | 169.6 | 62.0 | 302 | 63.7
DZS-H-6 5.2 | 209|297 | 0.1 [1050] 0.2 | 2.8 | 7.0 | 1.8 | 42.7 | 15.0 | 187.7 | 70.8 | 335 | 68.8
DZS-H-8 5.0 | 313 20.2 | 0.0 |104.7| 0.4 | 55 | 12.1 | 2.8 | 67.8 | 21.7 |274.0 | 101.4 | 489 |[104.2
DZS-H-9 5.2 | 2.73 | 48.2 | 0.0 |112.1] 0.1 2.3 | 6.6 1.8 | 44.0 | 16.3 | 217.9| 85.6 | 439 | 98.5
DZS-H-10 6.0 | 3.36 | 36.9 | 0.0 [157.4| 0.3 | 5.2 | 13.2 | 3.2 | 70.7 | 24.1 |286.8|109.9 | 524 | 109.2
DZS-H-11 7.4 | 2.95 | 53.5| 0.0 |140.5| 0.1 | 2.9 | 7.2 | 2.1 | 50.6 | 18.1 |[240.2 | 94.5 | 473 |105.4
DZS-H-12 5.6 | 2.8 | 80.1 | 0.2 |115.5] 0.2 | 2.3 | 7.5 | 2.2 | 46.2 | 17.4 | 235.3 | 90.2 | 476 |109.6
DZS-H-13 7.6 | 3.06 | 34.1 | 0.0 [163.9| 0.4 | 5.6 | 12.1 | 3.2 | 64.5 | 21.7 |273.0| 99.7 | 466 | 97.0
DZS-H-14 6.0 | 2.92 | 58.2 | 0.2 |125.7| 0.1 | 2.4 | 7.5 1.8 | 48.6 | 18.2 |232.5| 88.9 | 455 | 99.5
DZS-H-15 4.9 | 2.53 | 46.6 | 0.1 |128.7| 0.1 | 2.5 | 7.1 1.9 | 45.1 | 15.1 |199.2 | 77.5 | 391 | 84.6
DZS-H-16 4.3 | 2.22 | 44.6 | 0.0 | 83.1 | 0.1 1.5 | 3.7 | 1.1 | 30.8 | 12.4 | 166.7 | 67.4 | 362 | 83.7
DZS-H-18 6.6 | 2.31 | 31.8 | 0.0 |154.7| 0.2 | 4.3 | 9.4 | 2.5 | 52.6 | 17.6 |216.4| 75.6 | 361 | 74.5
DZS-H-19 4.7 | 2.74 | 56.9 | 0.0 |111.0| 0.1 1.5 | 5.7 | 1.7 | 38.9 | 14.8 |203.0| 79.5 | 425 | 98.0
DZS-H-20 7.1 | 2.57 | 47.0 | 0.0 |135.2] 0.2 | 2.3 | 7.1 | 2.1 | 46.8 | 17.3 [211.7 | 79.2 | 395 | 85.0
DZS-H-21 6.0 | 2.63 | 41.5 | 0.0 |134.8| 0.1 | 2.9 | 8.2 | 2.0 | 54.2 | 19.0 |240.4 | 86.2 | 409 | 85.9
DZS-H-22 83 | 6.17 | 79.0 | 0.1 |236.5| 0.3 | 4.5 | 14.3 | 3.5 | 93.7 | 35.7 | 481.0 | 187.8 | 966 |212.2
DZS-H-23 7.1 | 2.8 | 39.2 | 0.0 |180.0| 0.3 | 4.7 | 10.3 | 2.8 | 59.1 | 20.5 |257.0| 93.6 | 455 | 93.8
DZS-H-24 | 32.7 | 1.30 | 16.7 | 0.1 | 90.1 | 0.1 | 2.3 | 4.3 | 1.4 | 26.5| 9.4 [116.2| 41.1 | 204 | 42.1
DZS-H-25 4.9 | 2.17 | 42.2 | 0.6 | 9.7 | 0.4 | 3.6 | 5.1 1.6 | 32.9 | 12.1 | 163.6 | 65.6 | 348 | 78.3
DZS-H-26 5.3 | 3.00 | 54.4 | 2.6 |173.4| 0.5 | 4.1 | 10.5 | 2.4 | 62.6 | 20.4 |261.9 | 93.5 | 460 | 95.8
DZS-H-27 3.3 | 2,11 | 38.2 | 0.4 | 81.5| 0.3 | 2.7 | 46 | 1.0 | 32.1 | 11.7 [ 157.5| 63.1 | 337 | 77.1
DZS-H-28 | 10.9 | 3.49 | 37.2 | 2.6 [293.0| 1.2 | 10.6 | 19.1 | 4.9 | 96.5 | 27.8 |342.0 | 113.5 | 524 |[109.4
DZS-H-29 7.0 | 3.33 | 59.1 | 0.0 |146.9| 0.1 2.2 | 82 | 2.3 | 520 | 19.7 |261.0|102.9 | 527 |121.4
DZS-H-30 5.0 | 1.87 | 240 | 0.0 | 96.6 | 0.1 | 2.4 | 6.2 | 1.6 | 38.5 | 13.1 |166.9| 60.9 | 298 | 63.1
DZS-H-31 6.1 | 2.09 | 27.1 | 0.0 | 87.4 | 0.1 | 2.1 | 49 | 0.7 | 31.3 | 12.1 [166.5| 66.3 | 341 | 74.4
DZS-H-32 7.3 | 2,07 | 12.5 | 0.0 |110.8| 0.3 | 4.8 | 8.8 | 2.7 | 457 | 151 |186.4| 66.9 | 319 | 68.7
DZS-H-33 1.9 | 3.19 | 45.0 | 8.5 [218.2| 2.6 | 159 | 16.5 | 3.7 | 81.0 | 25.4 |306.0 | 105.0 | 484 | 96.7
DZS-H-34 9.0 | 2.27 | 37.6 | 0.3 |138.8] 0.3 | 3.6 | 7.1 | 2.3 | 453 | 16.2 [196.9 | 71.0 | 346 | 72.4
DZS-H-35 7.0 | 2.91 | 46.5 | 0.0 |153.7] 0.2 | 3.7 | 9.9 | 2.4 | 59.2 | 20.6 |264.2 | 94.7 | 454 | 95.8

K5 Yh Lu i Ta REE LREE HREE | LREE 8Fu 8Ce BRI Yb/Gd | Y/Yb | Ce/Sm

(%o) (%o) (%0) | HREE (C)

DZS-H-1 690 | 148.4 | 10.43 | 7.6 | 4.61 |210.8 | 4.05 | 0.05 | 0.27 | 9.29 | 723.9 | 11.31 | 3.46 | 19.01
DZS-H-2 644 | 126.4 | 9.48 | 5.8 | 4.41 |202.6 | 3.85 | 0.05 | 0.36 | 134.3 | 717.7 | 11.20 | 3.57 | 17.25
DZS-H-3 729 | 142.7 | 11.03 | 10.8 | 4.51 | 139.3 | 4.01 | 0.03 | 0.28 | 191.0 | 711.2 | 15.28 | 3.22 | 16.61
DZS-H-4 500 | 104.9 | 9.65 | 5.0 | 3.55 | 163.5| 3.07 | 0.05 | 0.32 |59.50 | 715.7 | 10.06 | 3.67 | 13.76
DZS-H-5 599 | 117.2 | 11.40 | 9.1 | 3.71 | 98.3 | 3.29 | 0.03 | 0.21 |225.3 | 709.7 | 15.28 | 3.22 | 15.29
DZS-H-6 621 | 123.1 | 11.48 | 9.2 | 4.01 | 116.8 | 3.56 | 0.03 | 0.25 | 174.1 | 706.0 | 14.54 | 3.38 | 14.96
DZS-H-8 945 | 186.2 | 10.64 | 5.7 | 5.83 | 125.4 | 5.32 | 0.02 | 0.23 | 85.40 | 705.3 | 13.94 | 3.31 | 8.65
DZS-H-9 948 | 189.0 | 11.84 | 13.9 | 5.28 | 122.8 | 4.77 | 0.03 | 0.25 | 302.6 | 706.0 | 21.55 | 2.88 | 17.09
DZS-H-10 1004 | 191.7 | 10.80 | 9.8 | 6.23 | 179.3 | 5.68 | 0.03 | 0.26 | 170.3 | 708.4 | 14.20 | 3.35 | 11.92
DZS-H-11 957 | 193.8 | 11.26 | 12.9 | 5.61 | 152.8 | 5.08 | 0.03 | 0.25 | 411.5 | 711.9 | 18.91 | 3.08 | 19.51
DZS-H-12 1038 | 200.3 | 12.25 | 17.1 | 5.64 | 127.9 | 5.10 | 0.03 | 0.28 | 119.1 | 707.2 | 22.47 | 2.78 | 15.40
DZS-H-13 915 | 174.1 [ 10.12 | 8.9 | 5.74 | 185.2 | 5.17 | 0.04 | 0.28 | 120.7 | 712.4 | 14.19 | 3.34 | 13.55
DZS-H-14 933 | 188.3 | 12.15 | 15.3 | 5.50 | 137.8 | 4.98 | 0.03 | 0.22 | 185.5 | 708.4 | 19.20 | 3.13 | 16.72
DZS-H-15 810 | 165.7 | 12.23 | 12.9 | 4.82 | 140.3 | 4.32 | 0.03 | 0.24 | 326.9 | 705.0 | 17.96 | 3.13 | 18.13
DZS-H-16 839 | 171.6 | 12.75 | 11.9 | 4.44 | 89.4 | 3.96 | 0.02 | 0.22 | 335.1 | 702.8 | 27.24 | 2.65 | 22.52
DZS-H-18 666 | 129.0 | 10.47 | 9.0 | 4.42 | 171.1 | 3.91 | 0.04 | 0.27 |209.7 | 710.0 | 12.66 | 3.48 | 16.53
DZS-H-19 969 | 203.7 | 12.78 | 14.9 | 5.31 | 120.0 | 4.78 | 0.03 | 0.26 | 359.0 | 704.3 | 24.91 | 2.84 | 19.54




1 XUHAH A T 5 KR LS 4 AL X A M ER LR R 5 & Mo by 191
S Yb Lu i Ta EREE LREE HREE | LREE SEu 8Ce BRE Yb/Gd | Y/Yb | Ce/Sm
(%o) (%0) (%0) | HREE (°c)
DZS-H-20 785 | 158.7 | 12.04 | 12.5 | 4.85 | 146.7 | 4.35 | 0.03 | 0.26 |289.5 | 711.2 | 16.77 | 3.28 | 19.15
DZS-H-21 774 | 150.6 | 11.40 | 11.6 | 4.94 | 148.1 | 4.46 | 0.03 | 0.22 | 354.1 | 708.4 | 14.28 | 3.41 | 16.40
DZS-H-22 1997 | 397.5 | 10.23 | 14.5 | 11.33 | 259.2 | 10.54 | 0.02 | 0.22 |229.4 | 713.9 | 21.31 | 3.09 | 16.54
DZS-H-23 843 | 163.4 | 10.61 | 10.3 | 5.41 | 198.1 | 4.84 | 0.04 | 0.27 |214.3 | 711.2 | 14.26 | 3.40 | 17.53
DZS-H-24 386 | 76.9 | 11.58 | 5.0 | 2.61 | 98.3 | 2.21 | 0.04 | 0.31 |201.7 | 738.9 | 14.57 | 3.38 | 20.90
DZS-H-25 768 | 156.7 | 13.03 | 11.7 | 4.25 [102.0 | 3.79 | 0.03 | 0.28 | 41.62 | 705.0 | 23.34 | 2.83 | 17.78
DZS-H-26 910 | 179.2 | 11.59 | 14.1 | 5.64 | 193.5| 5.09 | 0.04 | 0.22 | 34.68 | 706.3 | 14.54 | 3.30 | 16.51
DZS-H-27 757 | 157.6 | 13.04 | 11.5 | 4.15 | 90.5 | 3.70 | 0.02 | 0.19 | 59.12 | 698.5 | 23.58 | 2.79 | 17.68
DZS-H-28 991 | 184.1 | 9.35 | 10.7 | 6.61 |331.4 | 5.8 | 0.06 | 0.28 | 40.21 | 718.7 | 10.27 | 3.52 | 15.34
DZS-H-29 1131 | 222.3 [ 11.11 | 13.1 | 6.35 | 159.8 | 5.77 | 0.03 | 0.26 | 364.8 | 711.0 | 21.75 | 2.94 | 17.91
DZS-H-30 577 | 114.8 | 11.02 | 8.2 | 3.63 | 106.9 | 3.20 | 0.03 | 0.25 | 269.7 | 705.3 | 14.99 | 3.24 | 15.58
DZS-H-31 674 | 131.0 | 10.18 | 5.2 | 3.99 | 95.3 | 3.59 | 0.03 | 0.13 | 302.8 | 708.6 | 21.53 | 3.11 | 17.69
DZS-H-32 631 | 126.5 | 8.67 | 3.8 | 4.02 | 127.4 | 3.53 | 0.04 | 0.33 | 114.7 | 711.7 | 13.81 | 3.29 | 12.55
DZS-H-33 844 | 160.9 | 10.49 | 9.6 | 5.92 | 265.4 | 5.29 | 0.05 | 0.26 | 11.29 | 720.2 | 10.42 | 3.78 | 13.23
DZS-H-34 667 | 129.7 | 10.85 | 9.3 | 4.30 | 152.4 | 3.82 | 0.04 | 0.30 | 105.5 | 715.3 | 14.72 | 3.41 | 19.55
DZS-H-35 859 | 168.7 | 11.05 | 12.9 | 5.46 | 169.8 | 4.93 | 0.03 | 0.24 | 277.4 | 711.0 | 14.51 | 3.39 | 15.60
2Euy 2Cey

T R PICR TR BT WIS AL x107° ;8Eu =

\Cey Lay \Pry NFRUEMLZ S5 BIME .

R5FLAKU Li AcESHER
Table 5 Results of Li isotope analysis

in Dazhushan, Qingdao

WA B nCL) | oL b

n( Li) (%o) (x1077)
DZS-DL 13.96 4.4 14.53
DZS-DL( i1k ) 14.52 5.9 11.02
DZS-SS 14.50 4.6 12. 68
DZS-SS (filifEik) 14. 45 1.0 39.65
DZS-H 14.48 2.8 22.56
DZS-H(Hfi#iA) 14.50 3.7 55.52
DZS-7. 14.53 5.7 15.82
DZS-7. (filifEiR) 14.48 2.1 46.95
DZS-1 14.15 1.0 93.00
DZS-1 (ffi#iia) 14. 44 1.9 9.03
DZS-2 14. 45 2.5 25.76
DZS-2 (liBEE) 13.92 2.7 10. 42
GZK-1 13.94 3.4 17.16
GZK-1 (k) 14. 44 2.5 15.49
DZS-YX-1(FERIN KA ) 14. 63 3.1 23.83
DZS-YX-2( £ IN KA 14. 62 2.5 35.98
DZS-CD (AL A A) 14. 63 3.2 20.77

52 BARUENEMNBLITENSARNES

B R EAHN

A 1 T 2 1 BE 3 S A 0 2t B AR — T
DARE EL AR FH B RRAE 7T L3 2 DA A A — A VAR
A FH 3 B R 48 7 AH S A 4 8 B o (R T AR
45,2022) , M 0K MU AR S FR 7R R T E
BB A A o AR 2045 X P b g o 3 1 DU AN 4
2 La 3] Nd, %5 41 Nd %) Gd, 55 =41 M

;6
Smy +Gdy

Ce=
¢ Lay+Pry)

;Euy \Smy \Gdy

Gd ] Ho, 55 PUZH I Er 3] Lu (125 ,2019) , K4
e e fe T R B AR AR AR RN, S AE I IR A
FREERARAE . RIALRIHEE 220 (Iber, 1999)

TE, ;=T\ xT} ,

T,=+/Ce/Ce"xPr/Pr"

T,=-/Th/Th"xDy/Dy" ,

Cey
J(Lay ) xNdy

Pry
JLax(Nd)*

Thy
J(Gdy) xHoy

Dyy
JGd x(Hoy )
RERINAE A FES T R TE, ;= 1. 15 BIFRE 5 P Bk
(£ 6) ,BfiE o SAEECE & 0 P s (&
12) , H 55 FH 5 0058 3 ) 5 A BV A1 10 R A 4
(El2b ) BbAh, BRI Li & a1 A 3
Li,0 fie & 0 0.66%, 8 T 88 A 07 K &
(1.50% ) AHZEHGE , BEBH & A HL (AR A A E) T
M FFRAKE-, AR S BT AT HRE S T R P A4l
RO SRR R B IEARDG (& 13) ,uER Li 7 Lot
F UG AN 23 R A R T (Rl AR,
2020) , AR T #EL — B, [R) 7 2 (B #2300
HI{E (Teng et al. , 2008) , R HIA & 0 R 2 73 51

Ce/Ce’ =

Pr/Pr' =

Th/Th" =

Dy/Dy' =
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Fig. 11 Harker diagram of differentiation index of the Dazhushan granite in Qingdao

ik, Li [0 28 B 342 1 2046 b 7 IR X A0 A 52 AH Xt
B> (SR, 2021) o 5T AWESE R I L A A R
FZFTE Mg Ti V E A A Li B AL #EA
R B0, BEE 5 A R N, Li, Mn,

Zn

F A DS A R (RUK ISR

2021) , BFFE Li [AMEER AT DR 7R A 9 00 S R A K

20

WAL A WM A &R (Li et al.,

18) o M it 8 e A v e il A9 T IS P 5E 67 L
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Fig. 12 Relationship between mineralization and differentiation

index of the Dazhushan granite in Qingdao

2 1%0~8%o (Teng Fangzhen et al. , 2009) , A3
WA AL 87 Li (B -5 IR vty v ML AR 1 87 L [w] 57
R (3%0~4%0) (Teng Fangzhen et al. , 2009) , 1
B FLABORF wrfoxe B 1 2 48 B o R DR TS R 3%
£ 120 Ma 7o RIS i, JORUAR e 1V i
it B2 X Sl I 4 53 A R ol HIR AT
HrEHSEYI
5.3 ERENEERGFREITEST

A v H A AR BB o AR AR ZUA SR B kAR TR
130~ 120 Ma, & {4 FH A& A2 7E 125 ~ 120 Ma, fEi]
JoT o H 0 v E 3 A B it 5 R A B T IR K
W% O B ] IR (0 e A, 20225 2R R AR
2021) o BRI TS A N TR o S A (R,

K6 BLRAKUERBLITRMOSARMITHER

Table 6 Results of tetrad effect of rare earth elements in Dazhushan sample, Qingdao

P13 B RER AL R A SR RO AR
Fig. 13 Relationship between mineralization and Lithium

isotope of the Dazhushan granite in Qingdao

2021) , INARARFF R K BLAAFE 130~ 120 Ma HA[H]
FUA G S0 E KB RIE L (8 5 M 4%,
2021) . H5#i LInERAXRWTKhERE ST B
PRERH 45 5 K0 Tk A KRB A KI5 h 4
A RS R B BR Eh R B BB B HASE (TR,
2007 ; RUKRIAE,2019) , 7824 ik FE b 4 s oo
R EEAT AT LU O (TR 5242022 22 T AR
8 2021)  WF9E DXAE A e 0 o 2R e I OB AR
IR U, Ze oAb o Bt nl AR BRI S BUAE A
J& LCT( Li—Cs—Ta) B /K AY = B4R i85 A i 45
BRCPEIR €6 T BUAE B, & Sn—TI—B & ¥ ) 3 E 3%
1A 1 K & B NYF (Nb—
Y—REE—Zr—F) " K
FERAR, e R EE N

- DZS- | DZS- A5 A BIERY b=
f5bE | GZK-1 | DZS-1 | DZS2 | DZSSS | DZS-DL| DZS-Z | DZS-H | DZS-Ch | = | ) RSt A BB 7
’ T B A e kb B
L — —
ay | 185.84 | 154,58 | 192,14 | 122,93 | 105.26 | 225. 11 | 188.29 | 432.57 | 531.10 | 563.49 4y o1~ ups ekt ] /0 S i o
Cey | 110.36 | 96.35 | 156.86 | 67.18 | 105.13 | 126.89 | 108.63 | 284.75 | 334.85 | 344.34 P
Pry | 70.02 | 66.34 | 88.89 | 39.03 | 34.21 | 72.75 | 63.48 | 188.17 | 213.71 | 210.53 foL T B Sn F iR
Ndy | 48.92 | 49.23 | 66.33 | 25.54 | 20.87 | 46.90 | 40.19 | 125.46 | 135.64 | 126.07 & AP & IR FW
dy | 16.39 | 21.03 | 24.98 | 8.72 | 5.50 | 12.86 | 10.97 | 33.76 | 36.61 | 31.86 (@ gt F1 Ce/Ce” ) L)
Thy | 15.06 | 20.56 | 23.22 | 8.44 | 5.76 | 12.03 | 9.90 | 21.23 | 23.21 | 18.38 .
Dyy | 12.67 | 19.58 | 20.06 | 7.68 | 5.14 | 10.14 | 8.64 | 14.88 | 16.83 | 12.85 X Sn/Sn” Fl Cu/Cu” thH]
Hoy | 11.72 | 19.27 | 17.37 | 7.81 | 5.08 | 9.52 | 8.41 | 12.19 | 13.99 | 10.84 DIiH R K & 2B H 1k
te/Ce” | 0.93 | 0.92 | 1.17 | 0.93 | 1.72 | 0.96 | 0.97 | 1.00 | 1.00 | 1.01 .
Ce/Ce o o o (Gardiner et al. , 2021),
PPt | 0.92 | 0.92 | 0.94 | 0.91 | 0.96 | 0.92 | 0.95 | 1.00 | 1.01 | 1.02 . o
Tyt | 1,03 | Lot | 105 | 1ot | 108 | 1.o4 | 0.9 | 080 | 0.88 | o.g3 PINEAFH Eu f157H
Dy/Dy" | 0.97 | 0.99 | 1.03 | 0.95 | 0.99 | 0.97 | 0.94 | 0.87 | 0.88 | 0.83 il T K ME:A R T4
T 0.93 | 0.92 | 1.05 | 0.92 | 1.28 | 0.94 | 0.96 | 1.00 | 1.00 | 1.02
! mn, R A E TR A L
T, 1.00 | 1.00 | 1.04 | 0.98 | 1.03 | 1.00 | 0.96 | 0.88 | 0.88 | 0.83 e
TE,, | 0.96 | 0.9 | 1.05 | 0.95 | 1.15 | 0.97 | 0.96 | 0.94 | 0.94 | 0.92 Fu (R4, 2022) . I

A, Nb/Ta {88 K X 43
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Tow M A 55 AR i A 1 B 2248 FR (Ballouard et
al., 2016) , S RIAE G AR UTRUA TR R Y =4,
H A o 232 B S A A R AR i i A
M AR EA AR A &A%, TE, ,—DI Ff# 7T LA
FRRAER A SO (K 12)  BEE 5 73 503
I, TE, , WA S, R 5 s 7719 (Ce/Nd) /Y
S, I HAES A 1 Eu/Eu” >0.3 10000 (
EwEu")/Y>1,4% 10000%( Euw/Eu”)/Y>400 A]
PIHVBIAE 2 5 0 %5 4K (Lu Yongjun et al. |
2016) ,

[ 2810 o R I OV 2 s o S G R e
4,2021) B85 Ti BT AT DASRAR A I i 4 0 S
JE BT Ce Eu JGE AT RSB S0 HA X 4% K
/N, Cet/Ce™ FI SEu VBN AR &5 B 1 PF A b
W, B Fu AU RO AR R A 2 5o S R
FERJFEIREE T 45 Fh 25 5 (H Ce IE 53 & b 4
AT Ce™ S Ce® (B F455,2021) . S0 A
BT AR BB KA Ce'/Ce™ (HM
BUNG Eu S THEES A AR BRI E H 25k
AR B A 4G i I B SR R LA, A Cett s
Ce™ H AT LUAS B85 A1 T s B 25 38 A0 X 42030 B2,
Ce/Nd {EL T 1E Ay 5 A 480 A0 IR S 10 R X 400 B2 1T,
Ce/Nd {HjH = 22 A 5 OB S0k (22 TS, 2021 5 i
97,2019) . i PN AR BFATIHHE (BT L,
2021) .

In(Ce/Ce ") uy = (0. 1156£0. 0050) XInf0 +

(13860+708) ( T/K) —( 6. 125+0. 48)
SO, MU EEGRE

Cepgri

Lag ;i XPrygy

(Ce/Ce™ ) cyun =

Cegppiri

La gz XP o
T Rt A 45 i B 1 248 oL B, RT3 ek B I A
Ti MR TR S . O @i e A g iR
SFEIN 712,15 CC (3R 4) 5 MRS A —
R TR AR A A Ok AT e (B4,
2021) , T Ak ik TR 1 e A AR B Y AR 4k, SR
JEE I S T A R 3 o v 35 A8 Ak D L AT g 2 B
TH A E IR A G5 BT A8 e A AR A 1 A 3
PR 381 R X R P e ft o AR v AR H, SR A SRR A
Ak | 3 R E T & (Rivalta et al. |, 2006) ., #54
RS HT 45 R R Eu 01 55 A Ce 1E 5%, Ml 22
SERMITER , AT RefE AL &0 T A A ki 4y

BUERE, Ce’ /Ce Fl Fe® /Fe AWt FH i B2 e 475 44
AL B 5 A B f o (2R AMTAE ,2021)

BRI FE R T A R A AR R R R (RS,
2013) , 15 2 A R BR 1L b X A0 46 B 55 5 A0 AR
e BT RRAE R A, AR AR S O R g
FHAE &, (HRES A Ti R T T S W i) 2% 485 R
T E R T R R, 2 W KBk 1L X AE B
FNGER ISR LR 2 D B B TR R, B
TR R ACA AW 5 I BTG B 4 AL R A
5.4 WERFKDERMNEEXETR

RAKAEE (LIP) FRIARAE L AE T FH
S st IR] P & AR 5 100 T3 km?® BBERR BT A At &
AR A ANALFEVE A AR IR ik A L R A
PR LA B H A 1E 3 A A 15 T B0 KR X, Rk
JLA AR AU BREE T K 1) R AR A
15 7 PR BB JOSCE (250 ,2021) o BEABESE &
FAERIEM B LIRE L KA RS R R
B IBA B BT, B Tt 58 A R e A
KB 1 B A (U CNINAE,2013) o 2R 0 7kE
LR RRABE A SR B, 43 A0 40 W 54y g B LA v
MAede b &5 N . BRAR D th— et ) K ko 4
H R T R — I 7 2 53 M XA e LR P e A 2k
BLAAE (SLIP) AP DA M I 8UA — 16 B A oh &2
A 30 7 km?, H 5 5CHES 8 B 5 R %Y
(WA, 2021 5 EAPESE,2020) , AR ARHS A
WA A WIS (~ 120 Ma) , LG SR AG N T
(BKHE, 2007 ; W 5L %5, 2020) , SR A IR 4 4 L
B 0 SCA — B 2 o Ry T, e i v A B
B AT A TR DR T R 2 b i A 1 400305 3l 3K
PELR U/ TR Dy A B B I AR kA
Oy AR (PR XRIZE 2013 5K i, 2007 ) . ik i
KRB (SLIP) W 8Ua/ 46 b A FERl & & 5 b
] 2 S A 2 0 9, %o ) Sy BB XoHiAE , 7 T
R R e E A B R e T S R SR
(F—LIP) M52 ¥ B d I, 11 A= A [a) B AR 1) 38
i, MHLERILZERHER R AR aRER 2N
FERRE R B, LI T AL A RAE B R A A i U
(HEARESE ,2020) A B IE 45 B CA T I, 51 K
WL R Y, SEERR KA 7 AL E A
], BE K B8 20 T R R 2%, 24 IR i
ARIIFGE B TE 4R L AR AR 0T VA el DX ke 1 L B0k o ok
BCEA TP, M 2 R A B 8 RE AL B A i 2K
WAL AR, FE/NER 1L 3 X % B 2 A A kR g
FEAE b S BE @ 5 A 52 1L 05 5 R X B 1
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PR () it 80 T BE K 5 A df (Liu Ruiyang et al. |
2022) BT LAAE g ik B L AR AR 0 30 10 b IX A 7 Ak
JRCK A KA IR

6 Z5ib

BRIk 1—S BE KA s S A8 A, =
WA R K AR A, LS A W,
A Si0, S8 71, 57% ; #5340 A8 BT 14
4 0.96; 53 AR BOV-Y 0 92. 13 5 B M AR B -1 o
849.56°C ; e WA S AL IR IR . R 45 SR R A
S BT BE R A, A A A RS R R
KEELLEA LA-ICP-MS ¥ U-Pb E 41V 4R Ky
113. 1+0. 36 Ma(MSWD=0.73) , B & 20 T 46 K 4
TRALAERE R L L, S A T IR
THR S W I 4 IR B -3 Ry 712, 15°C 5 R A I
syt B AT WA RRIRS AR . B AR TR
ZE RN Eu U8 Al Ce IERH,Ce™/Ce™ R T
o SR R RRAIE . 5 SO R T Ml 5 0 I 1) 3 3 I
Al e AR A R p kA T RM A S RS
G35, TR R B (B A B A A
U Ti B 55) o B dh dmid i . BELAE A 2
PP RGNS, 25w IR A, AR TR s
R (TE, ;=1.15) FHFE AR BRE , KB I AL
5 dt A ELA R R SV T

Bigh . ARSI ], A5 3] T AR 2 HA AN R 2R )
Tl Jo R 2= R RIm I i 2 ) 7 s %
AR AR T R A, FE I — R L
LRSS

i ¥ / Note

O X5y, B, K, BRI, ok, ZE9h 3 2022, /DB
L5 735 A B HUER AL 2 R AE S5 R B, AR BERE

2 % X #t / References

(The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)

AR, TRIASE. 2020, REBTR JORUA A 09I UML) B FE 5 B I A
BEMRER. AR, 36(7): 1973~1985.

MR, EA%, sRBEF, EIPBL, R 2022, BrmRe Ve FOAS & A
WY& SN Sk A%s A U-Pb 4EA02: HuBRAL 2= HY [ A7 %k
. HA¥IR, 38(7): 2095~2112.

RUKNI, 295, ki, 2, B, mENl, Bk 2019, HiiE
REAIMER &5 BB PR B R IR A~ Rk L £
EHAARAERE L. HUFEAR, 93(6) : 1405~ 1421.

FRIRIE, AR K. 2011, 404 Ze TS T SRR, A A
2R, 27(2) ; 417~432.

BIAR, FET, R, EHE, XeHE, sopie, Fl, 4%

o, XEMR, SIEiE. 2022, HIG = VLALBORE (S A —) MM
T A AT A 00 % B Li—Be #0977 L. KA 1 A5 0
2. 1~25.

RN, RMy, MO, BT, AN, B, Nk, B,
WL, BTz, 2021, P I BEMBEA 4R 0 il 28— b e X
FART WSy, hERRlF . 1~33.

AR, W, I, ande, EIRIRD, B, A, S,
KA FH. 2021, FE AL AL R A WS AR S U T Z R
MR R I BR . MERRLE  46(12) ¢ 4517 ~4532.

ZEELRE, ZEMG, IR, RIS, RERK. 2021. b EAE R R BORFSE
it Kok SR T4k, 95(10) : 2996 ~3016.

ZEM. 2019. “KKBUHE A A4k T s A ERIL 2 4, 38
(2): 441~442.

ENPAE, XS, SRR, SRR, XUERS, RENL, ZEIRIG, &G
B, IRAL B 2022, BEA SR BT SCEL RS B b fal 4R IX B
FRE R SR P N R e s, HERERY:, 47(4) ¢ 1435
~1458.

2R, FEM. 2022, Fih 4@ HEH RIFIEH 1 LA SRl 2
[ ——ARJF. H AR, 38(7): 1843~1847.

XIGEME, X/NBE, AT RLZE, EANI. 2020, B DRIRER R AL RS
18 TR 3 S 1 PR B S — R IR A RAE . T T R 2 R ( F AR
%) 56(6): 800~814.

XK, BN, PR, MRRE, REETE, ER, degt 2022, PER
rhER A X X ST B A i B R R . b Bk
47(4): 1217~1233.

i —H, HARbk, BRI, T8, 450K, 2REG, KRR, 2021.
Li AR RE PR SRR S R, hBREL 2% 46(12) .
4346 ~4365.

2y R, BRI, 2800, 86, RUE, Mk 2021 B
VUL E I X R = 850 5% bR VT 4L UL HE JK #4485 A LA-ICP-MS U-
Pb 4Ry o o B AARIE S T S MR E, 67(2) @ 289
~310, 288.

Beall, FHOW, FIEAR, ZEeE, B, akGER, Rk 2022, %
A BB HLE S R0 HT R, A AR, 38(7): 1848~
1860.

U5 2019, Hr % A4 b8 5L G e 43 S AR 10 5 < DU 4341 508 19 A
LSO, it dbat. o E MR R () i
HEF, falyfe. 2008. JERE M T A AR BRAL 14 25 5 1A 14 Jfa 14 A8 B Bl

il Kbt 52, (4) . 427~435

TER. 2021, )1V IE A Sl A A PR S — PR L S B Y
FoReE. SO0, BRI JEE. b E TR B e S

T, X142, 2013, HREEAE I A E AR AERE LG E L. 7Y
Fa ek b= ], 32(5) . 619~624.

T, SRk, WA, FAR, mEg, XUR. 2021, WA AR 4
BRI 0 5 R R AL, BRI, 95(1) ¢ 182~193.

S, 2Rl 2021, PG LR S S B LIS T AR
Sr—Nd—Li [F) {3 4R AE K g 9. Bk BR 2%, 47.(9) . 3301 ~
3315.

RIRAR, i, HOCR, DB, EATE, JHEN, RUF 2022, K%
B2 T BRI IO i 75 s TR B Ak TR R A A R R .
JEAFARAF IR 2RSS . A A 2E3R, 38(7) : 1915~1936.

B, JEEAL, TR, RANSE, FEHE. 2020, )R AR X AE
i U-Pb ARG SO ERfL =R AE. kb2, 49(5) « 479~
493.

REXUA™, IRAEDE, 25T, XTIEPE, fRAUE, BETE, JEMS &, 2504k
2019. FRAEMES R LS5 i o X B 46 i) 245 41 U— Ph E4F  HbER
AbE B R S BRI TT, 65(1) « 221~231.

e SCRI, ATk, SRR, XIME . 2013, FRIE SO E48 A H e kBT



196 Mo R

it I 2023 4F

JrikIE SR, 7Y A R bR, 32(1) : 25~39.

P, A, R, BRIRTE, ARAR. 2022, PR e—K G
B AE i< A1 it B AT <62 10 PRl R Ay b R AL 25 R A B b o 2
SCORATER, 38(2) : 341~360.

BV, ARG, WL 1997, Wil RE S A IR RO A
R HLFEAAR, (5): 1~15.

BTV, TG, SAKE. TR, 1998, 1—A &4 BIAE A R
AL R R LA L AE B A R ). P ERL, (28)
296 ~302.

SRARDIL, JABREL, JESCHR. 2015, IDARARTRIGE b A A S Ak I e
HFIETE, 61(S1) : 778~779.

aRIE, &M, ZRAR, T, Toodk. 2011, fERd A5 H5a5 B %
RDT. R3S 5 W0, 35(2) : 259~269.

RIRSE, o, FEARE. 2022, KOKBUEE BT RN, BT R,
96(1): 131~154.

B, b, AR, 2022, A A ARHK AU 0 TR B T AT Y
W5 3. HBRRLE, 47(4) ¢ 1399~ 1414,

G, AT, XSG, AR, BT, b 20210 PER
FRFRILII R KA - A R — i — IR IR0, Bk
i, 42(6) ; 721~748.

Ballouard C, Poujol M, Boulvais P, Branquet Y, Tartese R, Vigneresse

I

J L. 2016. Nb—Ta fractionation in peraluminous granites; a marker
of the magmatic—hydrothermal transition. Geology, 44 (3): 231~
234.

Bo Hongze, Zhang Zhaochong. 2020&. Genesis of silicic Large Igneous
Provinces and effects of resources and environment. Acta Petrologica
Sinica, 36(7): 1973~ 1985.

Breiter K, Forster H J, Skoda R. 2006. Extreme P-, Bi-, Nb-, Sc-, U-
and F-rich zircon from fractionated perphosphorous granites: the
peraluminous Podlesi granite system, Czech Republic. Lithos, 88( 1
~4). 15~34.

Cao Mingjian, Evans N J, Hollings P, Cooke D R, McInnes BT A, Qin
Kezhang. 2021.

isotope

Apatite texture, composition, and O—Sr—Nd

and  hydrothermal fluid
characteristics at the Black Mountain porphyry deposit, Philippines.
Economic Geology, 116(5): 1189~1207.

Cemy P, Meintzer R E, Anderson A J. 1985. Extreme fractionation in

signatures record magmatic

rare-element granitic pegmatites; selected 344 examples of data and
mechanisms. The Canadian Mineralogist, 23(3) : 381~421, 345.
Chen Mou, Wang He, Zhang Xiaoyu, Yan Qinghe, Gao Hao. 2022&.
Judgment of metallogenic potential of Kangxiwa pegmatite in
Xinjiang: Evidence from zircon U-Pb geochronology, geochemistry
and Lu—HTf isotope. Acta Petrologica Sinica, 38(7) : 2095~2112.
Ferry J] M, Watson E B. 2007. New thermodynamic models and revised
calibrations for the Ti-in-zircon and Zr-in-rutile thermometers.
Contributions to Mineralogy and Petrology, 154(4), 429~437.
Feng Yonggang, Wang Yiqgian, Zhang Ze, Liang Ting, Zhou Yi, Gao
Jinggang, Teng Jiaxin. 2019&. Geochemistry of triphylite in
Dahongliutan  lithium  pegmatites,
pegmatite evolution. Acta Geologica Sinica, 93(6) : 1405~ 1421.
Gardiner N J, Hawkesworth C J, Robb L J, Mulder J A, Wainwright A

N, Cawood P A. 2021. Metal anomalies in zircon as a record of

Xinjiang: implications for

granite-hosted mineralization. Chemical Geology, 585 120580.
Gao Xiaoying, Zheng Yongfei. 2011&. On the Zr-in-rutile and Ti-in-
zircon geothermometers. Acta Petrologica Sinica, 27 (2) . 417 ~
432.
Irvine T N, Baragar W R A. 1971. A Guide to the Chemical

Classification of the Common Volcanic Rocks. Canadian Journal of

Earth Sciences, 8(5): 523~548.

Trber W. 1999. The lanthanide tetrad effect and its correlation with K/
Rb, Euw/Eu”, Sr/Eu, Y/Ho, and Zt/Hf of evolving peraluminous
granite suites. Geochimica et Cosmochimica Acta, 63(3~4) . 489
~508.

Li Jie, Huang Xiaolong, Wei Gangjian, Liu Ying, Ma Jinlong, Han Li,
He Pengli. 2018. Lithium isotope fractionation during magmatic
differentiation and hydrothermal processes in rare-metal granites.
Geochimica et Cosmochimica Acta, 240. 64~79.

Li Anbang, Huang Qin, Feng Chao, Yang Xihua, Yan Ganggang, Zhao
Zijuan, Dong Xiangjie, Zhu Mingming, Zhang Jinyang. 2021&.
Genesis of Mufushan Pegmatite Deposits constrained by U-Pb ages
and trace elements of zircon from complex granitic batholith. Earth
Science, 46(12) : 4517 ~4532.

Li Jiankang, Li Peng, Yan Qinggao, Liu Qiang, Xiong Xin. 2021&.
History of granitic pegmatite research in China.
Sinica, 95(10) : 2996~3016.

Li Jiazhen, Wu Song, Lin Yibin, Jiang Zongyang, Yi Jianzhou, Jiang

Acta Geologica

Guangwu, Liu Xiaofeng, Hua Kang, Ci Qiong, Zhao Yayun.
2021&. Alteration—mineralization style and prospecting potential of
the Cimabanshuo porphyry copper deposit in Tibet. Earth Science :
1~33.

Li Shoukui, Liu Xuelong, Lu Yingxiang, Zhang Shitao, Liu Sihan, Chen
Jianhang, Li Zhenhuan, Yu Haijun, Zhang Chuanyu, 2022&.
Indication of zircon oxygen fugacity to different mineralization control
factors of porphyry deposits in Zhongdian ore-concentrated area,
Southern Yidun Arc. Earth Science, 47(4) ; 1435~ 1458.

Li Wufu, Li Shanping, Wang Bingzhang, Wang Chuntao, Liu Jinheng,
Zhang Xinyuan, Cao Jinshan, Xu Chuanbing, Liu Jiandong, Jin
Tingting. 2022&. Discovery of the ( beryl-bearing) spodumene
pegmatite in the Caolong Area in the Sanjiang Northern section of the
Qinghai; implications for Li—Be mineralization. Geotectonica et

1~25.

Li Xian. 2019&. What is the province of igneous province. Bulletin of
Mineralogy, Petrology and Geochemistry, 38 (2) . 441~442.

Li Xiaofeng, Wei Xinglin. 2022&. The key scientific problems for the
research on the rare metal lithium—beryllium deposits. Acta
Petrologica Sinica, 38(7) : 1843 ~1847.

Liu Haiyong, Tang Juxing, Zeng Qinggao, Hua Kang, Zhao Hongfei,
Wang Yu,
significance of Early Cretaceous granites in Tajigang mining area,
Central Tibet. Earth Science, 47(4): 1217~1233.

Liu Ruiyang, Zhou Yaoqi, Dong Shihui, Zhou Tengfei, Mu Hongyu, Bai

Metallogenia

Yang Zong, 2022&. Petrogenesis and geological

Bingyang, Li Sunyi. 2022. Early Cretaceous volcanic edifice
activity in the Sulu Orogenic Belt: evidences from volcanic—
sedimentary rhythum characteristics in Lingshan Island, eastern
Shandong Province, China. Front. Earth Sci. , 10: 908193.

2020&.

Highly fractionated origin and magmtic—hydrothermal evolution of

Liu Zhichao, Liu Xiaochi, Yu Liangjun, Wang Jiangang.
the Kampa leucogranites in the Tethyan Himalaya. Journal of
Nanjing University ( Natural Science) : 56(6) : 800~ 814.

Lu Yigan, Xiao Yilin, Wang Yangyang, Wan Hongqiong, Li Dongyong,
Tong Fengtai, Yu Chenglong, 2021&. Exploration of Li Isotope in
Application of Ore Deposits. Earth Science, 46(12) ; 4346 ~4365.

Lu Yongjun, Loucks R R, Fiorentini M, McCuaig T C, Evans N J, Yang
Zhiming, Hou Zengqian, Kirkland C L, Parra Avila L A, Kobussen
A. 2016. Zircon compositions as a pathfinder for porphyry CuxMo=

Au deposits. Society of Economic Geologists. Special Publications



X F b7 45 35 5 RER I 70 AL B e HUER AL “2 R AR 5 S5 8 0 A 197

Series, 19 329~347.

Miao Yu, Wu Liang, Xiao Changyuan, Li Suoming, Li Zhiwei, Song
Wenting, Tian Yufeng. 2021&. Zircon LA-ICP-MS U-Pb ages,
trace element characteristics of the Lower Triassic Jialingjiang
formation tuffites in the Puyi area, northwestern Guizhou, and their
geological significance. Geological Review, 67(2) : 289~310.

Rao Can, Wang Rucheng, Che Xudong, Li Xiaofeng, Wang qi, Zhang
Zhiqi, Wu Runqiu. 2022&. Metallogenic mechanism and prospect
of key metal beryllium. Acta Petrologica Sinica, 38 (7). 1848 ~
1860.

Rivalta E, Dahm T. 2006. Acceleration of buoyancy-driven fractures and
magmatic dikes beneath the free surface. Geophysical Journal
International, 166(3) ; 1424 ~1439.

Rickwood P C. 1989. Boundary lines within petrologic diagrams which
use oxides of major and minor elements. Lithos, 22(4) ; 247 ~263.

Shuai Xue. 2019&. The genesis of the “Tetrad Effect” of the Zhuogapu
highly fractionated granite in the northern Lhasa Terrane. Tutor:
Zhu Dicheng. China University of Geosciences Doctoral thesis.

Sun S S, McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts; implications for mantle composition and processes.
Geological Society, London, Special Publications, 42(1): 313 ~
345.

Teng Fangzhen, Dauphas N, Helz R T. 2008. Iron isotope fractionation
during magmatic differentiation in Kilauea Iki lava lake. Science,
320(5883) : 1620~1622.

Teng Fangzhen, Rudnick R L, McDonough W F, Wu Fuyuan. 2009.
Lithium isotopic systematics of A-type granites and their mafic
enclaves: Further constraints on the Li isotopic composition of the
continental crust. Chemical Geology, 262(3~4), 370~379.

Tian Ye, Shan Yehua. 2008&. Brittle deformational mechanisms of Late
Mesozoic Dazhushan grantic body ( Jiaonan, Shandong ).
Geotectonica et Metallogenia, (4); 427~435.

Wang Zhen. 2021&. Mineralogical tracing of magmatic—hydrothermal
evolution and mineralization of Jiajika pegmatite type lithium
deposit, Western Sichuan, China. Chinese Academy of Geological
Sciences.

Wang Tao, Liu Shen. 2013&. Zircon saturation temperatures of granites
in the Jiaonan area and their geological significations. Bulletin of
Mineralogy, Petrology and Geochemistry : 32 (5): 619~624.

Wang Rucheng, Wu Bin, Xie Lei, Che Xudong, Xiang Lu, Liu Chen.
2021&.  Global
mineralization and continental evolution. Acta Geologica Sinica, 95
(1): 182~193.

Whalen J B, Currie K L, Chappell B W. 1987. A-type granites:
geochemical characteristics, ~ discrimination and petrogenesis.
Contributions to Mineralogy and Petrology, 95(4) : 407 ~419.

Wolf M B, London D. 1994. Apatite dissolution into peraluminous

tempo-spatial  distribution  of  rare-metal

haplograntic melts: an experimental study of solubilities and
mechanisms. Geochimica et Cosmochimica Acta, 58(19): 4127 ~
4145.

Wu Didi, Li Shan. 2021&. The whole-rock Sr—Nd—Li isotopic

characteristics and genesis of the Triassic Jiefangyingzi pluton in the

southeastern margin of the Central Asian Orogenic Belt. Earth
Science, 47(9) : 3301 ~3315.

Wu Haoran, Yang Hao, Ge Wenchun, Ji Zheng, Wang Keyong, Jing
Jiahao, Jing Yan. 2022&. Formation age and genesis of the
Nasigatu greisen-type beryllium mineralization in the southern Great
Xing“an Range: Monazite chronological and geochemical evidence.
Acta Petrologica Sinica, 38(7): 1915~1936.

Xie Hao, Liang Xinquan, Wang Ce, Liang Xirong, Dong Chaoge.
2020&. U-Pb geochronological and geochemical significance of
granites from the Baishizhang Molybdenum area, Guangdong
Province. Geochimica, 49(5) ; 479~493.

Xiong Shuangcai, Zhang Zhengfeng, Li Guang, Liu Runze, Hua
Xudeng, Zhao Fuzhuang, Zhou Pengfei, Li Guanlu. 2019&.
Zircon U-Pb dating, geochemical characteristics of alkali— granites
in Laoyemiao area, eastern Junggar, and geological significance.
Geological Review, 65(1): 221~231.

Xu Yigang, He Bin, Luo Zhenyu, Liu Haiquan. 2013&. Study on
mantle plume and Large Igneous Provinces in China: an overview
and perspectives.  Bulletin  of Mineralogy, Petrology and
Geochemistry, 32(1): 25~39.

Yang Shuiyang, Jiang Shaoyong, Mao Qian, Chen Zhenyu, Rao Can, Li
Xiaoli, Li Wancai, Yang Wenqiang, He Pengli, Li Xiang. 2022.
Electron probe microanalysis in geosciences: analytical procedures
and recent advances. Atom Spectrosc, 43 186~200.

Yan Qinggao, Li Jiankang, Li Chao, Chen Zhenyu, Xiong Xin. 2022&.
The geochemical characteristics and their geological significance of
apatite from the Zhawulong—Caolong granitic pegmatite-hosted rare
metal deposit in Sichuan and Qinghai provinces, West China. Acta
Petrologica Sinica, 38(2) . 341~355.

Zhao Guangtao; Wang Dezi; Cao Qinchen. 1997&. The geochemistry
and genesis of the Laoshan granitoids, Shandong Province.
Geological Journal of China Universities, (5): 1~15.

Zhao Guangtao, Wang Dezi, Cao Qinchen. Yu Liansheng. 1998&.
Thermal evolution of I-—A composite granite and its significance
(Laoshan granite for example ). Chinese Science, (28): 296 ~
302.

Zhang Zhenkai, Zhou Yaoqi, Liang Wendong. 2015&. Late Mesozoic
magmatic evolution history in eastern Shandong. Geological Review,
61 (S1). 778~779.

Zhang Qi, Jin Weijun, Li Chengdong. 2011&. Granitic rocks and their
formation depth in the crust. Geotectonica et Metallogenia, 35(2) :
259~269.

Zhao Shanrong, Liu Yukun, Xu Chang, 2022&. Electron back-scatter
diffraction analysis for twins of plagioclase in some rocks. Earth
Science, 47(4): 1399~ 1414.

Zhang Zhaochong, Hou Tong, Cheng Zhiguo. 2022&. Mineralization
related to Large Igneous Provinces. Acta Geologica Sinica, 96(1) :
131~154.

Zeng Pusheng, Li Ruizhe, Liu Siwen, Wen Ligang, Zhao Jiujiang,
Wang Shian. 2021&. Yanshanian large igneous province in eastern
China; magmatic—tectonic—resource—environmental effects. Acta
Geoscientica Sinica, 42 (6) . 721~748.



198 o T 2023 4F

Geochemical characteristics and mineralization analysis of
Dazhushan highly differentiated granite

LIU Ruiyang" ** | ZHOU Yaoqi" >, ZHOU Tengfei" , CHEN Tongtong" > *
LIU Hanging'->* | BAI Bingyang" , LI Sunyi"
1) School of Geosciences China University of Petroleum ( East China) , Qingdao, Shandong, 266580
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Objectives: Dazhushan is located southwest of Xiaozhushan and belongs to Mesozoic’s Late Yanshanian acidic
intrusive granite. The lithology is mainly potassium feldspar granite and granite porphyry. Previous studies on the
geochemical characteristics of Xiaozhushan have been conducted, while the geochemical study of Dazhushan granite
remains blank.

Methodologies; The ten samples were analyzed by petrography, main trace and rare earth elements of the
whole rock, Lithium isotope, zircon U-Pb dating, and plagioclase electron probe.

Results; The results indicate that, through the petrography analysis, the granite in the study area contains
spodumene, pegmatite veins obvious, and rock type belonging to [—S granite. The samples are high silica granite
(Si0, = 66.97% ~ 74.97% ), high total alkali content ( Na,O + K,0 = 8.70% ~ 10.73%), belonging to
peraluminous high potassium calc-alkaline series; Eu negative anomaly is obvious (8Eu = 0.25 ~ 0.56).
Calculating the highly differentiated granities index: aluminium saturation index is (A/CNK =0.91~1.01);
differentiation index ( DI') is 87.07 ~ 96.65; zircon saturation temperature is 836.26 ~ 862. 16° C; zircon Ti
thermometers reflect magma crystallization temperatures range from 698. 52~738.91°C, Geochronology shows that
the sample age is 113. 1+£0. 36 Ma, which is Early Cretaceous Laoshan granite.

Conclusions: The granite in the study area has the tetrad effect of rare earth elements (TE, ;=1.04~1.15)
and a high oxygen fugacity, indicating that the granite pegmatite in the study area has the metallogenic potential of
lithium deposit. The differentiation process of granite experienced the separation and crystallization of plagioclase,
zircon, apatite and other minerals. Magma upwelling along the fractures of the island arc and continental collision
subduction zone, forming highly differentiated granites with metallogenic potential.

Keywords: Dazhushan; petrogeochemistry ; highly differentiated granite; metallogenic potential
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