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Fig.1 Geological sketch map of Xitian area, Hunan Province (modified after Reference [13])
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Fig.2 The shapes of different types of MMEs
a—Spherical and irregular enclaves; b—Plagioclase megacrysts hosted in enclaves, the line between enclave and
monzonitic granite is blurred
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Fig. 3 Maps showing the characteristics of the dark microgranular enclaves
a—Enclaves with quench rim; b—Reverse veins of enclaves (indicated by the pencil point); c-Rounded K-feldspar's rapakivi texture in
enclaves (indicated by the pencil point)
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Fig.4 Maps showing characteristics of the dark microgranular enclaves
a, b—Plagioclase megacrysts across the line between the enclave and its host rock, the enclaves and plagioclase megacrysts with
directional structure (the line points to the preferred orientation); c-Rounded plagioclase megacrysts hosted in enclaves
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Fig.5 Photos showing the features of some outcrops of the dark microgranular enclaves and their host rocks
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Fig.6 Discrimination diagrams of ASI-ANK for
enclaves and their host rocks
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enclaves and their host rocks (symbols as for Fig.6 )
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Fig.8 Chondrite-normalized REE patterns of enclaves and

their host granites in Xitian granites (symbols as for Fig. 6 )
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Table 1 Majior elements, rare earth elements and trace elements content of the enclaves and
thier host granites in the Xitian granites

SN AR R IR URTETAURIN
H13 H4 H7 BT2-1 BT2-2 BT6 BT8 HYM12
12 L U /%
Na,O 2.87 3.02 3.08 2.77 2.94 3.38 3.55 2.01
MgO 0.16 0.61 0.40 1.03 0.74 0.97 0.47 1.99
ALO; 13.36 14.46 13.43 14.83 14.86 14.26 15.28 10.90
Si0o» 73.58 70.67 72.67 67.05 69.05 69.06 68.94 64.17
P,0s 0.05 0.15 0.15 0.42 0.15 0.24 0.23 0.68
K.0 5.63 5.16 4.86 3.69 5.98 2.63 4.73 3.16
Ca0 0.95 1.57 1.13 1.65 1.48 1.92 1.00 2.54
TiO, 0.20 0.34 0.32 0.87 0.49 0.70 0.38 1.72
MnO 0.04 0.09 0.06 0.11 0.13 0.10 0.08 0.21
Fe:03 0.78 1.13 0.84 1.93 1.31 1.35 1.59 3.03
FeO 1.75 1.43 2.12 3.62 1.92 3.83 2.23 8.05
H,0" 0.43 1.12 0.74 1.84 0.72 1.39 1.29 1.36
CO, 0.06 0.08 0.04 0.02 0.04 0.04 0.08 0.04
LN 0.32 1.41 0.55 1.49 0.59 1.09 1.18 0.67
TFeO 2.45 2.45 2.88 5.36 3.10 5.05 3.66 10.78
ASII 1.06 1.08 1.08 1.28 1.06 1.20 1.19 0.96
ANK 1.23 1.37 1.30 1.73 1.31 1.69 1.39 1.62
ATk 8.50 8.18 7.94 6.46 8.2 6.01 8.28 5.17
HtomE/10°
La 89.2 69.5 62.5 65.0 147 86.89 57.3 123
Ce 172 132 123 118 242 168 108 250
Pr 19.5 14.7 14.1 16.4 27.2 19.4 13.1 34.2
Nd 67.6 50.0 50.7 64.2 89.8 69.8 48.3 138
Sm 12.3 7.5 10.4 12.8 12.4 12.2 9.7 292
Eu 1.06 1.55 1.17 1.82 1.97 1.19 1.14 0.84
Gd 9.20 4.70 8.13 9.92 8.99 9.13 7.23 26.4
Tb 1.50 0.73 1.42 1.62 1.20 1.48 1.17 4.23
Dy 8.69 3.88 .39 8.95 6.12 8.03 6.31 23.9
Ho 1.57 0.78 1.59 1.65 1.17 1.47 1.17 4.43
Er 4.67 2.34 4.62 4.51 3.46 4.12 3.22 1138
Tm 0.74 0.41 0.74 0.69 0.56 0.60 0.49 1.69
Yb 4.81 3.04 4.98 4.42 3.64 3.85 3.21 10.5
Lu 0.67 0.51 0.73 0.60 0.55 0.55 0.46 1.40
SREE 439 314 340 361 580 432 296 790
[La/Yb]x 13.3 16.4 9.00 10.5 29.1 16.2 12.8 8.42
JEu 0.29 0.74 0.38 0.48 0.55 0.33 0.40 0.09
W ILHE/10°
Rb 444 656 400 411 300 455 588 596
Zr 173 226 160 218 276 221 199 883
Nb 15.5 18.8 24.6 23.7 20.8 232 25.4 47.2
Hf 5.77 7.55 5.35 5.83 7.02 5.84 6.50 29.43
Ta 2.02 2.64 4.82 2.65 2.76 2.74 3.14 3.26
Th 94.3 59.3 43.9 46.3 58.2 54.3 32.5 61.9
8] 12.4 24.5 12.4 9.1 12.2 11.9 8.66 16.8
Ba 296 489 365 504 655 311 461 189
Y 44.7 22.4 47.4 50.1 33.5 45.5 35.3 130.9
Sr 48.6 175 71 115 193 82 61.2 53.9
Nb*{(i 0.14 0.19 0.27 0.31 0.14 0.30 0.30 0.47
Rb/Ba 1.50 1.34 1.10 0.82 0.46 1.46 1.28 3.15
Nb/Ta 7.66 7.12 5.10 8.92 7.53 8.46 .08 14.48
Rb/Ti 0.37 0.32 0.21 0.08 0.10 0.11 0.26 0.06
La/Nb 5.75 3.70 2.54 2.75 7.11 3.75 2.26 2.60
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Fig.9 Primitive-mantle normalized spidergrams of enclaves
and their host granites in Xitian granites (symbols as for Fig. 6)
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Fig. 10 Cathodoluminescence images of zircons from Sample H7 (a) and BT6 (b)
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x2 HHAKREGRNEARTEER LA-ICP-MSHH U-Pb 4R
Table 2 U-Pb isotope composition of zircons from the dark microgranular enclaves and their host rocks
of Xitian pluton as measured by LA-ICP-MS
. &0 Il 7 2 LB AR FE§YMa
e B R U L P R CIE <IN TI L PR O
H7 %5 104
H7-1 247 137 0.56 0.0515 0.0004 0.1678 0.0016 0.0236 0.0001 261.2 12.0 157.5 1.4 150.5 0.7
H72 232 263 1.13 0.0512 0.0005 0.1641 0.0015 0.0233 0.0001 255.6 52.8 154.3 1.3 148.2 0.6
H7-3 1553 130 0.08  0.0498 0.0001 0.1734 0.0009 0.0253 0.0001 183.4 7.4 162.4 0.8 160.8 0.7
H7-4 258 160 0.62 0.0499 0.0007 0.1524 0.0024 0.0222 0.0001 190.8 39.8 144.0 2.1 141.3 0.8
H7-5 541 165 0.30  0.0494 0.0003 0.1656 0.0011 0.0243 0.0001 1686 17.6 155.6 1.0 154.8 0.6
H7-6 117 175 1.50  0.0488 0.0008 0.1554 0.0026 0.0231 0.0001 139.0 37.0 146.6 2.3 147.2 0.8
H7-7 105 86 0.82 0.0501 0.0014 0.1569 0.0039 0.0227 0.0002 211.2 32.4 148.0 3.4 145.0 1.0
H7-8 295 196 0.66 0.0537 0.0021 0.1738 0.0073 0.0234 0.0001 366.7 95.4 162.7 6.3 149.1 0.5
H79 115 89 0.77 0.0496 0.0007 0.1598 0.0024 0.0234 0.0001 176.0 352 150.5 2.1 149.0 0.8
H7-10 1134 361 032  0.0558 0.0044 0.1671 0.0017 0.0242 0.0002 442.6 175.9 156.9 1.5 153.9 1.4
H7-11 163 153 094 0.0492 0.0008 0.1591 0.0029 0.0235 0.0002 166.8 38.9 149.9 2.5 149.5 1.1
H7-12 73 50 0.68 0.0494 0.0014 0.1576 0.0044 0.0232 0.0003 164.9 66.7 148.6 3.9 147.9 2.0
H7-13 420 277 0.66 0.0488 0.0005 0.1608 0.0017 0.0239 0.0002 139.0 21.3 151.4 1.5 152.2 1.5
H7-14 90 51 056 0.0494 0.0006 0.1520 0.0021 0.0223 0.0001 164.9 -2.8 143.6 1.8 1423 0.9
H7-15 549 354 0.64 0.0488 0.0002 0.1594 0.0010 0.0237 0.0001 139.0 11.1 150.2 0.9 150.9 0.7
H7-16 149 112 0.75  0.0492 0.0006 0.1602 0.0022 0.023 0.0002 166.8 29.6 150.9 2.0 150.7 1.4
H7-17 187 142 0.76  0.0490 0.0004 0.1589 0.0019 0.0236 0.0002 146.4 20.4 149.8 1.7 150.1 1.4
H7-18 889 212 0.24 0.0491 0.0002 0.1631 0.0019 0.0241 0.0003 153.8 9.3 153.4 1.6 153.4 1.6
H7-19 65 43  0.66 0.0489 0.0019 0.1595 0.0065 0.0236 0.0003 142.7 88.0 150.2 5.7 150.6 1.9
H7-20 915 518 0.57 0.0502 0.0008 0.1684 0.0024 0.0244 0.0002 211.2 37.0 158.1 2.1 155.4 1.0
H7-21 1063 119 0.11  0.0494 0.0003 0.1596 0.0016 0.0234 0.0002 168.6 14.8 150.4 1.4 149.1 12
H7-22 570 240 0.42  0.0493 0.0003 0.1622 0.0013 0.0238 0.0001 164.9 11.1 152.6 1.1 151.8 0.9
H7-23 348 131 0.38 0.0484 0.0005 0.1589 0.0022 0.0238 0.0002 116.8 22.2 149.7 1.9 151.7 1.2
H7-24 245 129 0.53  0.0503 0.0004 0.1639 0.0019 0.0236 0.0002 209.3 20.4 1542 1.7 150.5 1.3
H7-25 295 195 0.66 0.0505 0.0004 0.1644 0.0022 0.0236 0.0003 216.7 20.4 154.6 1.9 150.6 1.6
BT6 M (4 B0k £ 44

BT6-1 165 262 1.59 0.0492 0.0003 0.1529 0.0015 0.0225 0.0002 166.8 14.8 1445 1.3 143.7 1.1
BT6-2 646 1193 1.85 00492 0.0002 0.1539 0.0013 0.0227 0.0002 166.8 7.4 145.4 1.2 144.7 1.1
BT6-3 69 60 0.87 0.0497 0.0005 0.1558 0.0020 0.0227 0.0002 189.0 19.4 147.0 1.8 144.9 1.1
BT6-5 514 853 1.66 0.0490 0.0002 0.1543 0.0014 0.0229 0.0002 146.4 -23.1 1457 1.3 145.7 1.2
BT6-6 515 1467 2.85 0.0492 0.0002 0.1552 0.0014 0.0229 0.0002 166.8 9.3 146.5 1.2 145.9 1.2
BT6-7 299 250 0.84 0.0491 0.0002 0.1538 0.0011 0.0227 0.0001 153.8 11.1 1453 1.0 144.9 0.9
BT6-8 1430 30  0.02  0.0491 0.0002 0.1560 0.0016 0.0230 0.0002 153.8 11.1 147.2 1.4 146.9 1.3
BT6-9 100 183 1.83 0.0505 0.0005 0.1572 0.0023 0.0226 0.0002 216.7 22.2 148.2 2.1 143.8 1.2
BT6-10 121 123 1.02  0.0504 0.0004 0.1582 0.0017 0.0228 0.0002 213.0 16.7 149.2 1.5 1453 1.3
BT6-11 413 84 0.20 0.0505 0.003 0.1787 0.0018 0.0257 0.0002 220.4 13.0 167.0 1.6 163.3 1.3
BT6-12 595 232 0.39  0.0492 0.0004 0.1538 0.0028 0.0227 0.0004 166.8 -12.0 145.3 2.5 144.7 2.5
BT6-13 69 50 072 0.0515 0.0008 0.1613 0.0025 0.0228 0.0002 264.9 33.3 151.9 2.2 145.1 1.2
BT6-14 310 155 0.50 0.0508 0.0002 0.1807 0.0014 0.0258 0.0002 231.6 11.1 168.6 1.2 164.3 1.1
BT6-15 326 148 0.45 0.0500 0.0005 0.1570 0.0028 0.0228 0.0003 194.5 22.2 148.0 2.4 1452 2.2
BT6-16 302 120 0.40 0.0494 0.0005 0.1553 0.0030 0.0228 0.0004 168.6 24.1 146.5 2.6 145.3 2.4
BT6-17 114 113 0.99 0.0516 0.0017 0.1631 0.0058 0.0229 0.0003 333.4 75.9 153.4 5.1 146.0 2.0
BT6-18 137 134 0.98 0.0506 0.0006 0.1592 0.0024 0.0228 0.0002 233.4 29.6 150.0 2.1 145.3 1.1
BT6-19 220 168 0.76 0.0512 0.006 0.1618 0.0023 0.0229 0.0003 253.8 24.1 152.3 2.0 1459 1.6
BT6-20 2239 859 0.38  0.0526 0.0003 0.1647 0.0020 0.0227 0.0003 322.3 13.0 154.8 1.7 144.7 1.6
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Magma mixing in the Xitian pluton of Hunan Province: Evidence from
petrography, geochemistry and zircon U-Pb age

CHEN Di, CHEN Yan—-ming, MA Ai—jun, LIU Wei, LIU Yao-rong, NI Yan—jun

(Hunan Institute of Geological Survey, Changsha 410116, Hunan, China)

Abstract: The Xitian pluton area is located in the middle segment of the Nanling Mountains, and the Yanshanian granites mainly
consist of porphyritic biotite monzogranites with many dark microgranular enclaves. These dark microgranular enclaves have plastic
shape and magmatic structure, quench boundary, reverse veins and unbalanced textures, such as acicular apatite, quartz ocellar
texture and K—feldspar zoning. These characteristics indicate magma mixing. Geochemically, these enclaves are poor in SiO, and
ALK, and the values of K, Fe, Mg, Ca and Ti in the enclave samples are higher than those in their host granites. The enclaves and
their host rocks are rich in LREE, with LREE/HREE ratios ranging from 2.6 to 8.8, and display moderate to strong negative
europium anomalies (0Eu=0.09-0.74). The selected major oxides of enclaves and porphyritic biotite granite show a linear correlation
in Harker diagrams. The enclaves and their host rocks display obvious features of magma mixing in the Covariant diagrams. The
TFeO—-MgO discrimination diagrams also suggest the magma mixing origin of the enclaves. The petrography and geochemistry also
indicate magma mixing. The enclaves from the Xitian pluton were probably derived from quenching of mafic magma during its
intrusion into felsic magma. The LA-ICP-MS single-zircons U-Pb dating demonstrate that the magmatic age is (150.04+0.52) Ma
for the biotite monzogranites and (145.09+0.63) Ma for the enclave. The two ages are basically the same, suggesting that the mixing
event took place during the period of Late Jurassic.

Key words: Xitian pluton; biotite monzogranites; dark microgranular enclaves; zircon U-Pb age; LA —ICP-MS; magma mixing;
Nanling Mountains
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