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Petrogenisis of Lumanshan granites in Hualong area of southern Qilian
Mountain: Constraints from geochemistry, zircon U—Pb geochronology
and Hf isotope

GUO Zhou—ping, LI Wen—yuan, ZHANG Zhao—wei, GAO Yong—bao,
ZHANG Jiang—wei, LI Kan, KONG Hui—lei, QIAN Bing

(Key Laboratory for the Study of Focused Magmatism and Giant Ore Deposits, MLR, Xi’ an Center of China Geological Survey,
Xi’an 710054, Shaanxi, China)

Abstract: The pluton in Lumanshan of Hualong area, located in southern Qilian Mountain, is mainly composed of biotitic
monzogranites. Zircon LA—ICP—MS dating yielded a concordant age of 452.9+1.8 Ma, indicating that the pluton was formed in

Caledonian. Geochemical data show that the Lumanshan pluton is silica enriched in alkali. It is a weakly peraluminous granite and
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belongs to the high—K calc—alkaline series. In trace and REE aspects, the granites are enriched in Rb, Th, U, K, Pb and LREE and

SR8 - B AL B M DB 1 LU AR 2 ) A A 865

depleted in Ba, Sr, Ti, P with strong negative anomaly of Eu (8Eu=0.06~0.55 with a mean value of 0.31). Integrated geological and
geochemical data suggest that the Lumanshan pluton should be genetically ascribed to highly fractionated I—type granites. The Hf
isotope shows that the eHf(t) values of the pluton range from —7.4 to 0.1, with tou. ages between 1425Ma and 1930Ma, indicating
that depleted mantle materials had been involved in magma formation and the source region of granite probably included the
Hualong Group. In combination with comprehensive analysis of the tectonic evolution, the authors hold that the Lumanshan pluton
was formed in a subduction— collision environment between the Qaidam and South Qilian terrane and most likely generated by
mixing of a depleted mantle—derived magma and an induced crustal—melted felsic magma in the deep crust; later, it suffered further
differentiation during magma ascent.

Key words: zircon U-Pb geochronology; geochemistry; Hf isotope; Lumanshan pluton; Hualong area of southern Qilian Mountain
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Fig.1 Simplified geological map of Hualong (modified after @[4])
1—-Quaternary; 2—Neogene; 3—Paleogene; 4—Cretaceous; 5—Triassic; 6—Hualong complex; 7— Lumanshan Formation of Proterozoic Hualong
Group; 8— Guanzanggou Formation of Proterozoic Hualong Group; 9— Zhigaang Formation of Proterozoic Hualong Group; 10—Granite; 11—

Granodiorite; 12—Fine—medium grained biotite adamellite; 13—Porphyritic biotite adamellite; 14—Gabbro; 15—Geological boundary; 16—Inferred
boundary; 17—Fault; 18—Thrust fault; 19—Normal fault; 20—Strike—slip fault; 21—Unknown fault; 22—Sampling position and its serial number
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Fig. 2 Outcrop photograph and micrographs of Lumanshan pluton (crossed nicols)
a—Biotite adamellite that intruded into Hualong Group; b—Dark enclaves in biotite adamellite; c—Porphyritic biotite adamellite (with dark enclaves);

d—Fine-medium grained biotite adamellite; e-Microphotograph of fine-medium grained biotite adamellite; f— Microphotograph of porphyritic biotite
adamellite; Pl-Plagioclase; Qz—Quartz; Ms—Muscovite
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plots for the Lumanshan pluton
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Fig. 6 Chondrite—normalized REE patterns (a) and primitive mantle—normalized trace element patterns (b) for the Lumanshan

pluton (normalized data after Sun and McDonough, 1989)
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Table 2 Analyzed results of major elements (%) and trace elements (10°°) of the Lumanshan pluton

P I1THHLOl ~ 11HHLO2  11HHLO3 11HHLO4 11HHLO5 11HHLO6 11LHLOl  11LHLO2 11LHLO3 11LHLO4 1ILHLO5 11LHLOG
Si0, 7537 7376 7245 74.67 69.36 7265 7236 7324 63.89 7235 73.04 68.83
ALO; 13.62 13.86 14.10 13.54 15.47 14.08 12.90 13.59 19.14 14.73 13.85 16.63
Fe,0s 0.13 0.45 0.51 0.14 098 0.47 1.06 0.89 0.46 101 0.68 025
FeO 0.97 1.16 0.88 0.77 161 148 234 1.17 1.12 0.43 0.61 0.26
Ca0 0.32 1.86 127 125 226 163 0.91 0.82 0.83 0.99 1.14 131
MgO 0.22 0.47 0.43 0.18 092 0.67 0.52 032 0.53 0.15 0.20 0.15
K,O 433 3.87 5.73 3.63 372 4.07 476 5.77 8.63 413 5.67 7.29
Na,O 401 3.49 277 4.06 3.57 3.11 283 243 426 3.83 2.69 3.05
TiO, 0.11 0.16 0.17 0.11 0.35 026 0.34 024 0.17 021 020 0.16
P,0s 0.04 0.08 0.08 0.05 0.13 0.10 0.08 0.05 0.05 0.12 0.07 0.06
MnO 0.05 0.04 0.03 0.02 0.05 0.04 0.07 0.03 0.02 0.02 0.05 0.02
JSES S 0.82 0.81 1.57 1.59 159 1.44 1.78 146 0.89 205 1.81 2.00
HE 99.99 100.01 99.99 100.01 100.01 100.00 99.95 100.01 99.99 100.02 100.01 100.01
K,0+Na,O 834 7.36 8.50 7.69 729 7.18 7.59 820 12.89 7.96 8.36 1034
K»O/Na,0 1.08 111 2.07 0.89 1.04 131 1.68 237 203 1.08 2.11 239
FeO*/MgO 445 3.00 2.80 448 244 256 5.70 5.54 2.60 8.03 5.50 291
DI 9415 86.56 89.55 91.08 8123 8547 87.49 90.41 90.86 90.84 90.91 91.01
A/CNK 1.15 1.04 1.08 1.05 1.10 113 1.13 1.16 1.07 1.17 1.10 1.09
Cu 341 12 527 456 7.15 4.69 10 357 268 288 2.13 291
Pb 29.1 26.6 373 311 36.4 658 384 492 61.7 51.9 539 58
Cr 545 6.1 828 442 124 838 494 192 1.4 098 178 324
Ni 3.54 328 443 238 636 5.58 29 131 0.87 0.88 0.65 127
Co 133 2.72 2,67 17 455 3.88 1.84 127 0.92 163 1.03 0.56
Rb 226 179 230 161 202 175 186 233 346 205 233 327
Cs 433 442 4.14 2.94 102 443 271 3.89 3.11 3.39 239 3.52
Mo 0.53 0.34 1.14 0.37 028 0.46 09 0.63 026 0.73 0.56 0.5
Sr 56.5 117 156 754 148 158 87 70.4 66 652 63.6 938
Ba 322 293 818 873 426 467 580 533 332 182 325 500
Nb 15 18.1 73 165 183 135 47 234 416 23.1 184 163
Ta 146 167 0.59 1.11 123 0.76 2.54 119 325 141 1.03 1.08
Zr 629 102 124 295 192 172 390 226 212 107 155 919
Hf 217 32 3.6 1.05 541 5.04 109 757 7.61 404 5.58 297
Ga 149 17.8 145 147 183 162 292 228 265 232 212 19.7
U 2.06 2.62 343 25 285 3.64 418 3.62 533 242 738 22
Th 104 278 186 475 187 30.5 344 346 46.6 948 518 40
La 164 48 415 117 302 39.7 120 834 612 142 883 536
Ce 328 104 822 122 642 94.8 256 173 153 309 185 121
Pr 326 11 8.84 252 6.62 9.03 304 206 153 37 224 13.7
Nd 1.1 36.5 29.4 8.56 236 298 114 744 54.5 137 82.1 49.5
Sm 253 727 533 2.1 483 59 238 152 123 385 19.6 114
Eu 0.32 0.56 1.02 027 0.84 0.79 16 1.09 0.72 0.99 0.84 0.9
Gd 261 536 423 2.55 4.48 4.87 202 138 122 58.1 20 9.6
Tb 0.44 0.84 0.59 05 0.67 0.66 2.82 2.04 193 1.4 329 126
Dy 294 441 2.92 3.64 3.65 312 164 108 132 92 20 6.36
Ho 0.62 0.78 0.5 0.79 0.68 0.53 335 203 287 218 393 1.15
Er 1.64 1.88 122 201 158 1.19 891 457 742 552 8.83 27
Tm 025 027 0.15 0.33 0.19 015 129 0.54 1.1 7.58 111 034
Yb 178 197 0.98 214 131 095 8.88 312 7.09 443 6.56 217
Lu 0.26 027 0.14 03 02 0.16 138 0.44 1.02 6.06 0.93 031
Y 177 20.7 132 233 177 14 86.5 542 688 639 106 298
SREE 76.95 223.11 179.02 4961 143.05 191.65 609.03 405.03 343.85 960.93 462.89 273.99
LREE 66.41 207.33 168.29 37.35 130.29 180.02 545.80 367.69 297.02 664.49 398.24 250.10
HREE 10.54 1578 1073 1226 1276 11.63 6323 3734 4683 296.44 64.65 23.89
LREE/HREE 6.30 13.14 15.68 3.05 1021 15.48 8.63 9.85 634 224 6.16 10.47
Lan/Yby 6.61 17.48 3038 3.92 16.54 2998 9.69 19.17 6.19 230 9.66 17.72
SEu 0.38 0.27 0.66 0.36 0.55 0.45 0.22 0.23 0.18 0.06 0.13 0.26
5Ce 1.10 111 1.05 0.55 111 123 1.04 1.02 123 1.05 1.02 1.09
Rb/Sr 4.00 153 147 214 136 111 214 331 524 314 3.66 349
Rb/Nb 15.07 9.89 3151 9.76 11.04 12.96 3.96 9.96 832 8.87 12.66 20.06
Nb/Ta 10.27 10.84 12.37 14.86 14.88 17.76 18.50 19.66 12.80 1638 17.86 15.09
Zr/Hf 28.99 31.88 3444 28.10 3549 34.13 3578 2985 27.86 26.49 27.78 30.94
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Table 3 Zircon Hf isotopic compositions of the Lumanshan pluton

Eike fERMa TCHETHE 25 ovb/HE 2s 7oL/ HE 2s THFHE ) et Tom/Ma  TouMa  fiuw
11HHLO06-1 451 0282479 0.000036  0.035422  0.000167  0.001360  0.000005  0.282467 0.9 1104 1484 09
11HHLO06-6 454 0282502 0.000026  0.027393 0000233  0.001048  0.000011 0.282493 0.1 1062 1425 097
11HHLO06-7 457 0282397 0000027 0053241 0000722 0001469 0000013 0282384 -3.6 1223 1666 ~0.96
11HHLO06-8 452 0282404 0000026  0.049525 0000411 0001369  0.000013 0282393 -35 1210 1651 096
11HHL06-10 451 0282331 0.000026  0.061857  0.001025  0.001493  0.000031 0.282319 6.1 1317 1816 096
1THHLO6-11 453 0282294 0000020 0013279 0000342 0000353  0.000012 0282291 -7.0 1329 1877 —0.99
11HHLO06-12 452 0282418 0.000020  0.032468  0.000115  0.000803  0.000003 0282411 2.8 1173 1610 -0.98
11HHLO6-14 455 0282448  0.000020  0.037894  0.000613  0.000930  0.000015 0282440 -1.7 1134 1542 -097
11HHLO06-15 454 0282284 0.000020 0020073  0.000574  0.000457  0.000015 0282280 7.4 1346 1901 099
11HHL06-16 454 0.282436  0.000019  0.040223  0.000715 0000992  0.000017 0282427 2.2 1153 1572 097

FE : e(£)=10000% {[(HE " H)s—(eX'— 1) V[ HE " H)cnoo— (" Lu/ " H) X (€A — 1) 111 ton=1/Aln { 1+[(HE "H)s—("HE "Hf)on/[(HF/
”7Hf)s—(”bLu/l77Hf)nM]}; [CDM:IDM_(ZDM_I)X[(fs;_f].jM)],f!‘_wHI:(‘mLu/lWHf)s/(”bLu/ ‘77Hf)muk—1; ,E\:EP )\:1.867X10”'/a;('76Lu/”7Hf)g%ﬂ(”“Hf/'”Hf)d\ﬁri
SHEAE, (7 Lu/HD)ee=0.0332, (HE " H)ciuro=0.282772; (7Lu/"H)py=0.0384, ("HE/'"Hf)py=0.28325; ("""Lu/"Hf) y1:=0.015; £.=[("Lw/
]77HD+'Y:JM,'L'/(WLU/me)(‘HUR]_ 1,_f;=f|_u,m;f1‘3M= [(W)Lu/me)Dw /(W)LU/WHD(‘HUR] -1,
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Fig.7 Si0,—P,0Os(a) and Rb—Th (b) diagrams of the granites from Lumanshan pluton (after Chappell and White, 1992"*")
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