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Fig.1 Distribution of Indosinian granite in the Fuping area(modified from reference [5])

Pt;—Paleoproterozoic; € —Cambrian ; O—Ordovician ; D—Devonian ; S—Silurian ; C—Carboniferous ;

1—Basement complex; 2—Granite ; 3—Granodiorite ; 4—Quartz diorite ; 5—Ductile shear zone
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Table 1 Major (%) and trace element (10°) analyses of quartz diorite in the Xichahe pluton

FEY XH—03  XH—04 XH—05 XH—06 XH—07 XH—09 XH—10 XH—12 XH—14 XH—15
SiO, 62.30 61.75 64.40 60.91 60.03 56.98 60.83 60.23 58.65  59.89
TiO, 0.65 0.60 0.48 0.80 0.72 0.57 0.55 0.53 0.65 0.52
AL O3 16.40 18.37 17.50 15.09 18.09 14.87 15.96 15.09 1540  14.87
FeO 3.61 3.00 275 3.74 3.17 4.00 391 4.14 4.05 4.09
Fe,03 1.62 1.05 0.65 1.49 1.80 1.75 1.14 1.58 225 1.08
MnO 0.10 0.07 0.11 0.09 0.10 0.16 0.13 0.14 0.18 0.09
MgO 3.15 3.05 2.55 3.99 3.42 6.51 4.18 5.99 6.00 4.02
CaO 3.80 3.96 3.49 4.61 4.19 6.25 4.61 6.06 5.83 4.47
Na,O 4.00 4.40 4.00 420 4.10 3.80 4.00 3.40 3.80 3.10
K,O 2.20 221 2.70 2.60 2.70 271 2.90 2.00 2.00 3.20
P05 0.30 0.23 0.20 0.37 0.36 0.53 0.31 0.30 0.37 0.35
LOI 1.47 1.05 0.92 1.67 1.10 1.31 1.04 0.23 0.37 3.87
ToTal 99.57 99.74 99.65 99.43 99.71 99.79 99.41 99.85 99.67  99.47
La 30.8 248 242 21.6 17.1 279 314 20.1 274 389
Ce 59.8 50.0 477 443 37.9 58.8 63.1 46.2 62.8 76.3
Pr 6.49 5.51 5.16 5.16 4.60 6.80 6.86 5.62 7.46 8.03
Nd 25.6 222 21.1 234 20.7 28.0 272 257 3238 30.8
Sm 5.01 4.14 4.01 5.36 4.80 5.65 5.14 5.87 6.83 5.57
Eu 1.28 1.21 1.32 1.21 1.23 1.25 1.03 1.36 1.47 1.22
Gd 4.05 33 3.10 4.50 395 4.23 431 4.65 531 438
Tb 0.54 0.44 0.39 0.65 0.57 0.59 0.64 0.73 0.77 0.60
Dy 297 2.40 221 3.59 3.19 3.33 3.66 4.42 4.40 322
Ho 0.5 0.42 0.38 0.63 0.53 0.57 0.66 0.81 0.82 0.59
Er 1.32 1.05 0.99 1.60 1.44 1.64 1.83 2.19 2.40 1.62
Tm 0.17 0.15 0.13 0.22 0.19 0.23 0.24 0.34 0.33 0.24
Yb 1.04 0.79 0.83 1.27 1.17 1.41 1.49 215 213 1.51
Lu 0.16 0.13 0.12 0.20 0.17 0.22 0.22 033 0.35 0.26
Cs 4.96 5.16 434 6.08 6.08 6.47 2.64 327 2.72 5.03
Rb 89.8 86.4 843 104 104 121 140 78.6 66.9 132
Ba 1243 1086 1964 1363 1365 877 888 904 1002 1297
Th 5.58 4.00 3.88 3.55 2.14 4.04 3.90 3.07 2.50 16.1
U 0.90 0.75 0.68 223 0.88 1.19 0.95 2.15 1.29 325
Ta 0.74 0.54 0.53 0.90 0.88 0.47 1.00 0.95 0.66 0.87
Nb 11.7 10.5 8.9 14.6 14.0 9.05 15.1 9.72 9.77 14.4
Sr 907 900 903 837 865 957 821 1029 1253 942
Hf 3.11 2.83 2.56 234 271 3.14 3.49 326 3.50 691
Zr 86.4 69.9 529 69.6 78.7 92.8 107 87.7 110 224
Y 134 10.6 10.2 16.1 14.2 16.4 18.3 22.1 227 16.6
Sc 11.7 10.1 9.12 13.4 12.9 16.8 17.3 19.6 19.9 14.6
v 97.3 914 78.0 117 111 139 105 121 154 119
Ni 39.8 37.8 33.0 51.9 458 140 65.6 123 108 67.3
Cr 97.0 88.8 74.8 122 110 366 192 347 295 199
Co 50.7 62.9 71.8 433 442 51.9 41.2 54.7 43.1 46.6
Ga 15.5 14.9 13.8 15.7 16.0 13.0 13.7 11.6 13.7 133
Ge 1.17 1.21 0.98 1.12 1.22 1.18 1.58 1.44 1.59 1.17
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Table 2 Major (%) and trace element (10~°) analyses of granodiorite
and mafic microgranular enclaves in the Wulong pluton
o1 PRI K PR K Ji A
B WL-02  WL-04  WL-05 WL-10 WL-13 WL-15 WL-18 WL-08 WB-17 WB-25 WB-26 WB-31 WB-33 WB-34
SiO, 6844 6529 6892 7130 7089 7054 6604 5376 5397 5578 5499 5286 5393 534l
TiO, 020 0.26 0.12 0.16 0.19 0.21 0.33 0.87 082 0.98 0.85 0.97 1.22 1.15
ALO; 1771 1773 1628 1396 1487 1531 1706 1662 1531 1356 1553 1662 1793 1859
FeO 1.45 1.96 1.57 1.17 1.15 1.05 1.53 389 389 5.02 415 4.08 4.84 4.13
Fe,0; 073 0.54 0.67 0.93 1.17 124 147 301 223 2.68 2.82 3.46 2.86 334
MnO  0.14 0.06 0.13 0.08 0.09 0.08 0.11 018  0.19 0.14 0.19 0.20 021 0.17
MgO 071 131 0.85 0.76 0.86 0.85 124 6.09 626 8.13 6.32 6.58 4.26 4.15
Ca0 209 2.86 1.81 1.77 1.81 1.67 2.60 720 858 5.61 7.78 6.72 4.48 473
Na,0  4.50 5.00 4.30 4.30 4.30 4.00 4.80 380  3.60 2.70 3.50 4.00 3.90 4.00
K0 251 230 3.90 330 3.10 330 2.30 130 190 2.30 1.50 1.60 3.00 3.10
P,0s  0.10 0.25 0.22 0.10 0.20 0.18 0.32 0.63  0.70 0.73 0.67 0.93 1.03 1.02
LOI 121 1.78 0.70 1.84 1.05 1.57 2.10 146 171 1.86 1.50 1.08 1.72 1.78
ToTal 9971 9934 9933 9947 9946 9981 9980 9940 9946 9949 9953 9946 9938  99.50
La 322 30.6 247 20.8 29.0 262 499 460 383 63.7 485 96.1 57.9 53.8
Ce 62.9 54.7 47.0 41.0 526 54.8 88.0 104 872 132 101 182 139 131
Pr 6.11 5.90 4.74 435 539 6.10 823 120 101 145 1.7 193 172 16.3
Nd 213 227 16.9 15.8 19.3 27.7 28.6 488 426 57.7 487 734 735 70.6
Sm 3.29 3.93 2.68 2.86 3.19 4.46 4.11 8.54 749 9.00 8.20 1.1 142 132
Eu 0.77 0.92 0.66 0.67 0.76 0.93 0.89 200 188 2.09 2.03 2.66 3.00 2.86
Gd 2.16 2.95 2.18 2.08 2.36 3.38 325 6.04 530 6.45 6.16 7.82 1013 9.02
Tb 0.23 0.40 0.29 0.26 0.30 0.46 0.36 078  0.69 0.79 0.77 0.93 1.36 125
Dy 1.05 1.94 151 128 1.49 2.19 1.84 395 361 3.86 4.26 4.77 7.02 6.34
Ho 0.16 0.36 0.23 0.23 026 0.39 031 071 068 0.69 0.77 0.88 126 1.14
Er 0.42 1.02 0.64 0.58 0.66 1.01 0.78 187 178 1.90 2.11 242 322 3.10
Tm 0.05 0.14 0.07 0.08 0.09 0.14 0.10 025 024 0.24 0.27 0.31 0.42 0.40
Yb 0.33 0.96 0.63 0.52 0.62 0.82 0.63 168 159 1.44 1.82 2.02 2.66 251
Lu 0.05 0.13 0.09 0.08 0.10 0.11 0.09 024 024 0.24 0.28 0.34 0.37 0.35
Cs 5.81 6.11 3.99 3.63 432 3.91 5.46 195 107 10.1 0.88 7.35 13.1 13.6
Rb 100 85.9 115 98.8 97.1 96.8 80.8 402 404 117 355 94.0 198 205
Ba 1242 775 1224 1081 1025 1185 1386 1197 1156 1497 983 670 462 486
Th 8.12 9.67 102 5.76 8.33 7.34 9.82 728 512 9.07 6.16 14.1 135 123
U 0.80 2.16 1.58 0.88 0.97 127 0.89 201 186 1.64 2.01 3.48 5.59 525
Ta 0.39 1.12 0.85 0.80 0.74 1.01 0.52 066 077 0.85 0.86 1.53 222 1.90
Nb 6.71 12,5 9.54 6.81 7.96 114 7.48 129 143 15.8 153 334 342 311
Sr 763 1003 663 643 715 647 1115 1396 1697 1742 1631 1518 836 856
Hf 523 6.49 4.57 511 4.54 5.06 547 335 199 5.39 3.38 4.57 6.46 574
Zr 150 197 125 132 137 144 189 111 4331 196 113 179 227 212
% 4.77 1060 727 6.98 7.79 112 8.36 194 183 18.5 20.2 234 343 31.54
Sc 243 2.89 2.65 1.77 2.19 229 1.94 215 175 1.57 1.22 1.49 3.76 3.48
\Y% 333 443 312 29.1 34.4 0.39 0.47 177 199 162 204 209 186 198
Ni 2.50 10.9 7.75 6.13 7.12 8.07 7.58 494 692 224 68.5 73.0 20.0 20.1
Cr 9.91 235 19.4 13.5 16.5 17.8 18.5 110 172 371 176 164 14.8 15.0
Co 48.4 56.7 51.0 85.0 49.0 54.7 495 462 496 63.8 46.1 495 423 36.6
Ga 16.9 17.9 15.0 13.7 14.5 14.5 1.8 131 126 12.8 122 15.1 23.4 226
Ge 107 1.16 1.18 0.99 1.26 1.10 1.02 149 155 1.44 1.46 1.44 1.65 1.57
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Table 3 Sr—-Nd isotopic composition of some samples from

the Xichahe and Wulong plutons and related rocks

FEa S

YRS YSrA°Sr 20 WSm/MNd "Nd/MNd 20 T, I eSr ¢Nd Tpu

XHO08 0365927 0.706546 18 0.12215

XHI3  0.154497 0.706922 82 0.12580
WL06  0.501188 0.705945 10 0.09584
WLI12 0393113 0.706204 28 0.10012

0.512455 14 0.70543 0.512283 91 -1.50 1157

0.512353 142 0.70645 0.512176 107 -3.62 1381
0.512363 16 0.70445 0.512232 79 -2.66 1017
0.512389 18 0.70503 0.512252 86 -2.26 1020

Wil HE - 0.238000  0.720080 —  0.12700  0.511415 — 0.71090 — — -0.02 2657
WEEERE  8.309200 0.769580 — 0.11540 0511894 — 0.74560 — — 639 2000
FRIGEE  0.156800  0.706230  —  0.12650  0.512379 — 0.70390 — — 412 1019
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Fig.7 La—La/Sm (a) and Zr—ZrSm (b) diagrams of the Wulong and Xichahe plutons
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Petrogenesis of the Early Triassic Xichahe and Wulong plutons in the South
Qinling Mountains and their tectonic significance

WANG Juan', LI Xin? LAI Shao—cong’, QIN Jiang—feng’

(1. Institute of Earth Resources and Information, China University of Petroleum (East China), Dongying 257061, Shandong, China;
2. Geophysical Research Institute, Shengli Oilfield Branch, Sinopec, Dongying 257100, Shandong, China;
3. Department of Geology Northwest University, Xi’an 710069, Shaanxi, China)

Abstract: The Early Triassic Indosinian Xichahe and Wulong plutons were emplaced into metamorphic rocks of
the Mesoproterozoic Fuping Group in the South Qinling. A few mafic enclaves, which have a clear or obscure
boundary with the host granodiorite, occur in the southern part of the Wulong pluton. Intensive petrographical,
geochemical and Sr—Nd isotope studies indicate that the two plutons show some adakitic affinities:they are both
strongly depleted in Yb and Y and enriched in Sr and Ba with higher Sr/Y and Y/Yb ratios and weak negative
Eu anomalies. These patterns suggest a feldspar—poor, garnet = amphibole—rich fractionation mineral assemblage.
The mafic enclaves have higher Mg (MgO=4.15—-8.13%), Cr (14.8—371 ug/g) and Ni (20.0—224 p g/g), as well
as higher LREE and LILE, with Nb/Ta ratios of 15.42—21.9. It is inferred that the underplated mantle magma
was responsible for the generation of the mafic magmas. The two plutons have similar Sr and Nd isotopic
compositions, with  (¥Sr/%Sr)i =0.70445—0.70645, & Nd=-1.50—-3.62 and Tp,=1.02—1.38 Ga. Based on the
aforesaid study, combined with previous studies, the authors think that the underplating of mantle—derived magma
to the crust —mantle boundary induced amphibole eclogite facies or granulite facies metamorphism and partial
melting of the thickened lower crust, thus forming adakitic magma. The difference of the two plutons in contents
of some trace elements was caused by different degrees of contamination with mantle materials, and their
formation probably represents the breakoff of the subducted Mianlue oceanic slab during the Indosinian late —
collisional orogenic stage in the Qinling area.

Key words: Xichahe pluton; Wulong pluton ;mafic microgranular enclaves;adakite ; St—Nd isotopes; underplating
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