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Geochemistry and magmatic mixing of the Putuoshan biotite moyites
and their enclaves, Zhejiang Province
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Abstract: The Putuoshan pluton is a typical multistage I_A composite granitic complex in the coastal area of
southeastern China. Zircon U_Pb dating demonstrates that it consists mainly of three stage magmatic intrusions,
which are from early to late quartz diorite porphyry ( = 170 Ma), biotite moyite ( =110 Ma), and miarolitic
moyite ( =90 Ma). Among them, the biotite moyite, which often contains abundant meladioritic enclaves,
forms the main body of this pluton. This paper is mainly devoted to the study of the biotite moyites ( host rocks)
and the meladioritic enclaves. Geochemically, the host granites are characterized by high silica and alkali con-
tents, and show metaluminous to weakly peraluminous attribute. They are also enriched in LILE (e. g., Rb

and Th) and LREE, with LREE/HREE ratios ranging from 8. 58 to 13. 83, and depleted in Sr, Ba, P and Ti,
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(8Eu= 0.29~ 0. 43). Integrated geochemical data suggest that the host rocks are highly fractionated I_type
granites. The variation of major and trace element abundances between the host granites and the meladiorite en-

claves shows the evolutionary tendency of magmatic mixing. The host granites and the meladiorite also have
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similar Nd isotopic compositions, with ENd(¢) values being — 6. 30~ — 6. 60 and — 6. 95~ — 7. 12 respective

ly, which are all indicative of mixing of crustal and mantle materials. Based on a comprehensive analysis of their

tectonic settings as well as geological and geochemical data, the authors hold that the meladiorite enclaves in the

Putuoshan pluton were generated by mixing of mantle_derived basic magma and its induced crustal felsic magma

in a tensile environment.

Key words: biotite moyite; dioritic enclave; geochemistry; magmatic mixing; Putuoshan in Zhejiang Province
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¢ —pearlitic quartz developed in the margin or interior of microperthite in host granites ( crossed nicols); d —microperthite mantled by overgrowth

plagioclase in host granites ( crossed nicols): e —short prismatic apatites in host granites ( plane_polarized light) ; { —acicular or slender prismatic ap_

atites in dioritic enclaves ( crossed nicols) : Q —quartz; Per —microperthite; Pl —plagioclase: Ap —apatite
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Fig. 3 QAP diagram for enclaves and their host granites

in the Putuoshan granitic complex
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Table 1 Zircon U_Pb dating results of the Putuoshan complex
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Table 2 Major, trace and rare earth element contents of the host granites and dioritic enclaves from the Putuoshan complex

ESlE ¢ oS ER R T S R S R A
L 03P_10 03P_11 03P_13 03P_14.3 03P_15 03P_17 03P7.1  03P_144 P8 P9
BT #(ww/ %)
Si0; 76. 87 77.53 76.61 77.13 75.75 76.93 54.92 57. 89 60.52  59.02
Ti0, 0.12 0.10 0.13 0.12 0.13 0.11 1.66 1.32 0.69 0.8l
ALOs 12. 47 12. 42 12. 48 12. 59 12.71 12.82 15.12 15.83 17.20 16.16
FeOl 0. 63 0.59 0.77 0.77 0.82 0.75 7.55 7.54 513 6.70
Mn0 0.05 0.05 0.05 0.03 0.06 0.08 0.17 0.14 0.16  0.47
MgO 0.01 0.01 0.05 0.03 0.06 0.07 3.16 2.36 1.95 3.12
Ca0 0. 45 0.40 0. 64 0.41 0.81 0.56 5.24 5.28 4.90  5.07
Na0 4.02 3.88 4.08 4,20 4.06 4.13 3.02 4.11 4.74  4.81
K,0 4. 80 4.69 4.50 4.67 4.81 4.72 3.15 2.63 2.36 1. 44
P05 0. 01 0.01 0.01 0.01 0.01 0.01 0.84 0. 60 0.38 0.24
ke ik 0.37 0. 64 0.20 0.37 0.70 0. 44 3.46 1.49 1. 66 1. 36
Total 99, 43 99. 68 99,32 99. 96 99,22 100. 18 98. 29 99, 19 99.69 99,20
ALK 8. 82 8.57 8.58 8.87 8.87 8.85 6.17 6.74 7.10  6.25
K/ Na 1. 19 1.21 1.10 1.11 1.18 1.14 1.04 0. 64 0.50  0.30
AKI 0.95 0.92 0.93 0.95 0.94 0.93 0.55 0.61 0.60 0.59
A/CNK 0.99 1.02 0.98 0.99 0.95 0.99 0. 84 0.82 0.89 0.8
D. 1. 97.2 97.0 96. 2 97. 1 96. 1 96.2 58.2 66. 8 63. 4 56.7
T TC e (w f 1076)
Rb 164 168 154 145 205 160 114 89 97 71
Sr 30 45 58 108 49 54 1024 619 737 390
Ba 189 148 257 202 232 214 1145 773 679 403
Th 22.14 25.76 21. 41 23.24 23.17 24.50 9.82 11.71 6.30  9.20
U 3.18 3.54 2.70 3.51 6.28 4.32 1.77 2.22 / 0. 60
Nb 16. 45 21. 12 13.35 15. 01 20. 96 22.56 15. 80 12. 41 10.48  13.24
Ga 14. 84 15.27 14. 81 13.63 15.51 15.34 19. 69 20. 85 21.30  20.30
Zr 95. 04 77.45 90. 94 91.19 83.34 85.22 281. 74 216.76  159.00 174.00
Y 14.75 17. 74 14. 46 11.79 16. 81 16.07 30. 92 28. 80 26.50  23.50
Se 2.30 2.16 2.55 2.44 2.57 2.36 18. 39 19. 34 8.36  15.53
v 317 3.30 5.71 4.26 5.40 4.56 175. 38 191.20 52.00 143.00
Co 0.38 0.42 1.09 0.48 0.91 0.72 17.22 17. 49 / 6. 90
Ni 2. 14 2.08 12. 88 2.83 4.07 5.93 1.30 6.06 3.90 B8.50
Rb/ Sr 5.47 3.73 2.66 1.34 4.18 2.96 0.11 0.14 0.13  0.18
Rb/ Ba 0. 87 1. 14 0. 60 0.72 0.88 0.75 0.10 0.12 0.14  0.18
La/ Nb 1. 80 1.15 2.38 1.84 1.59 1.05 3.28 3.37 319 2.19
Ba/ Nb 11.49 7.01 18. 56 13.46 11.07 9.49 72. 47 62.29 64.79  30.44
10°Ga/ Al 2.25 2.32 2.24 2.04 2.31 2.26 2. 46 2.49 2.34 2.31
Wb TG (w1079
La 29.53 24.29 32.91 27. 67 33.24 23.70 51. 80 41. 86 33.47 28.98
Ce 54.24 44.29 62. 66 52.00 64.22 45.25 100. 24 78. 50 74.30  59.25
Pr 5. 66 4.76 5.90 5.32 6.19 4. 47 12. 61 10. 00 10.07  6.71
Nd 18. 41 15.83 18.67 16.95 19.96 14. 80 51.37 40. 27 45.30  24.65
Sm 3.00 311 2.98 2.95 3.38 2. 66 9.52 7.55 7.8  5.27
Eu 0.33 0.27 0.38 0.31 0.36 0.29 2.31 1.91 1.60  0.95
Gd 2.27 2.37 2.19 2.10 2.56 2.20 7.54 6.34 6.17  4.77
Th 0.38 0.45 0.37 0.34 0.47 0.41 1.10 0.99 0.92  0.66
Dy 2.26 2.81 2.25 1.92 2.78 2.50 6.09 5.42 4.80  3.49
Ho 0. 49 0.61 0. 49 0.41 0.59 0.56 1.22 1. 11 0.96 0.72
Er 1.42 1.75 1.40 1.16 1.72 1.59 3.05 2.84 2.61 2.03
Tm 0.25 0.32 0.24 0.21 0.29 0.30 0.46 0.45 0.39 0.32
Yh 1.71 2. 14 1.71 1.47 2.03 1.89 2.86 2.75 2,40 2.20
Lu 0.28 0.34 0.28 0.24 0.32 0.30 0.43 0.43 0.35 0.31
YREE 120.23 103. 34 132. 43 113.05 138. 11 100. 92 250. 60 200.42  191.20 140.31
LR/HR 12.27 8.58 13.83 13.40 11.84 9.35 10. 02 8.86 9.28  8.68
(La/ Yb)y 12. 39 8. 14 13. 80 13.50 11.75 8.99 12. 99 10. 92 10.00  9.45
SEu 0.37 0.29 0.43 0.36 0.36 0.36 0.81 0.82 0.68  0.57
! givend C 742 729 737 738 726 733 779 727 745 745

ALK= Na;O+ K:0: K/Na= K50/ Nas0; AKI= (NaxO+ K»0)/ALOs( 477 LK): A/NKC= ALO4/ ( NayO+ K20+ CaO) (43-f ) ; D. 1—4 5%
G e A Watson I Harrison (1983) J5 S B T R B L
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