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Geochemistry and petrogenesis of the Yanshanian Huashan-Guposhan
granites in Guangxi
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(1. State Key Laboratory for Mineral Deposits Research, Department of Earth Sciences, Nanjing University,
Nanjing 210093, China; 2. Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China)

Abstract: The Yanshanian Huashan-Guposhan granites in Guangxi are characterized by high silicon, high potas-
sium, high alkaline, low phosphor and metaluminous nature, with relatively high FeO'/MgO ratios and enrich-
ment of LILE, HFSE and REE. In addition, they commonly contain allanites. They can thus be assigned to the
high-potassium calc-alkaline granite (or KCG in the classification system of Barbarin, 1999). They were formed
during the conversion of the tectonic setting from compression to extension. The extension-thinning of litho-
sphere, the upwelling of the depleted mantle, and the partial melting of the lithospheric mantle rich in phlogo-
pite and K-richterite might have served as the principal factors in producing this kind of granitic rocks.
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Fig.1 Simplified regional geological map of the Huashan-Guposhan granite complex modified from Zhu Jinchu

et al. 1989  Feng Zuohai et al. 2002 and Zhang Peihua 2003
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Table 1 Major wy % and trace wp 10~ ° element compositions and chemical parameters of the Yanshanian

1

W %

Huashan-Guposhan granites

wg 107°

HS MH

HS-4 HS-7 HS9 HS10 HS13 HS16 HS26 HS29 HS33 HS20 HS25 HS28 HS-31
SiO, 74.62 72.71 74.14 72.82 73.24 72.43 74.17 69.96 73.21 79.51 76.04 75.72 76.35
TiO, 0.18 0.23 0.19 0.21 0.23 0.24 0.25 0.42 0.35 0.06 0.07 0.11 0.08
ALO; 12.86 13.49 13.17 13.08 13.15 13.85 12.84 14.25 12.75 12.62 12.67 12.56 12.59
TFeO 1.67 2.21 1.85 2.06 2.17 1.94 1.98 3.10 2.86 1.02 0.94 1.12 1.05
MnO 0.03 0.04 0.03 0.03 0.03 0.04 0.05 0.06 0.05 0.06 0.03 0.03 0.03
MgO 0.19 0.25 0.19 0.20 0.22 0.29 0.38 0.54 0.34 0.04 0.10 0.11 0.07
CaO 1.26 1.37 1.09 1.23 1.26 1.37 1.40 1.70 1.19 0.69 0.76 0.81 0.93
Na,O 3.31 3.32 3.15 3.14 3.27 3.41 3.24 3.42 3.13 3.87 3.55 3.08 3.93
K,O 5.35 5.62 5.72 5.71 5.56 5.64 5.10 5.47 5.02 4.82 5.24 5.75 4.33
P,0Os 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.08 0.04 0.01 0.00 0.00 0.00
LOI 0.34 0.29 0.33 0.74 0.43 0.47 0.53 0.69 0.44 0.54 0.69 0.38 0.34
> 100.00 99.78 100.07 99.45 99.80 99.92 100.19 100.03 99.70 99.75 100.19 99.79 99.82
K,O+ Na,O 8.66 8.94 8.87 8.85 8.83 9.05 8.34 8.89 8.15 8.69 8.79 8.83 8.26
FeO™ MgO 8.81 8.85 9.76 10.30  9.86 6.70 5.21 5.73 8.42 25.42  9.36 10.14  15.04
A CNK 0.95 0.96 0.99 0.96 0.96 0.97 0.96 0.97 1.0 0.98 0.98 0.98 0.98
F 2300 2700 1800 2400 2100 1200 1500 1200 2000 1600 670 620

Cl 330 1200 470 430 670 180 290 620 560 700 410 270
Rb 531 598 554 537 552 539 559 571 618 855 756 646 574
Sr 103 104 101 76.3 108 157 162 199 87.34 16.0 18.4 61.8 24.0
Ba 383 352 375 314 370 673 484 628 121 12.1 13.2 58.3 11.8

Y 54.1 54.8 48.4 56.6 54.2 51.9 45.2 53.2 35.6 73.7 50.6 30.9 53.1
Nb 51.7 49.5 43.1 53.1 54.8 56.4 37.7 55.0 50.4 63.3 49.3 34.3 52.4
Ta 10.2 6.28 4.32 6.14 6.43 7.18 5.94 6.23 6.89 12.6 7.08 5.96 5.71
Zr 305 333 322 299 323 276 360 384 354 139 85.6 131 98.8
Hf 10.8 10.4 9.57 10.0 10.4 8. 11 11.2 11.4 11.17  8.22 4.32 5.22 3.87
Th 68.4 86.4 71.8 67.2 73.6 67.5 63.4 75.3 118.8  46.6 41.3 53.1 50.5
Ga 27.3 28.9 27.9 26.7 27.7 26.0 25.8 29.9 26.7 26.0 24.4 20.1 23.3
La 92.0 108 98.7 98.1 103 72.4 68.1 118 92.97 14.8 16.6 37.3 32.1
Ce 182 209 192 178 199 134 130 219 189 39.8 42.2 80.2 69.7
Pr 18.8 21.6 19.5 19.0 20.6 14.3 13.6 22.4 19.6 5.20 5.99 9.38 10.1
Nd 64.7 76.9 70.9 66.1 72.2 48.9 48.3 77.6 68.1 22.7 23.9 34.5 40.1
Sm 11.8 13.7 12.1 11.3 12.6 9.40 8.78 12.9 10.38 7.17 6.56 6.73 9.61
Eu 0.97 1.01 1.02 0.83 1.02 1.30 1.15 1.49 0.81 0.22 0.24 0.48 0.35
Gd 11.5 12.6 10.4 10.5 11.7 9.53 8.13 12.2 8.22 8.47 6.97 6.09 9.99
Tb 1.69 1.74 1.43 1.49 1.67 1.43 1.14 1.51 0.96 1.55 1.23 0.93 1.62
Dy 11.1 10.9 9.22 9.61 10.9 9.49 7.60 9.65 5.96 11.7 8.91 6.13 10.8
Ho 2.36 2.31 1.88 2.09 2.32 2.11 1.64 1.97 1.3 2.83 2.00 1.34 2.41
Er 7.00 6.60 5.62 6.03 6.63 6.35 4.91 5.66 3.75 9.45 6.35 4.17 7.24
Tm 1.05 1.00 0.82 0.86 0.97 0.98 0.78 0.91 0.58 1.67 1.00 0.66 1.07
Yb 6.89 6.12 4.91 5.19 6.02 6.05 5.00 5.61 3.59 11.9 6.48 4.22 6.66
Lu 1.01 0.92 0.74 0.79 0.91 0.91 0.81 0.83 0.60 1.93 0.99 0.64 0.97
Ga Al 4.01 4.05 4.00 3.86 3.98 3.55 3.80 3.96 3.96 3.89 3.64 3.02 3.50
K Rb 83.64 78.02 85.71 88.27 83.62 86.87 75.74 79.53 67.37 46.80 57.54 73.89 62.62
Rb Sr 5.16 5.75 5.49 7.04 5.11 3.43 3.45 2.87 7.08 53.44 41.09 10.45 23.92
Nb Ta 5.07 7.88 9.98 8.65 8.52 7.86 6.35 8.83 7.31 5.02 6.96 5.76 9.18
Zr Hf 28.24  32.02 33.65 29.90 31.06 34.03 32.14 33.68 31.69 16.91 19.81 25.10 25.53
> REE 413 472 429 410 450 317 300 490 405 139 129 193 203
LREE HREE 8.69 10.20  11.26 10.21 9.93 7.61 8.99 11.77  15.25 1.82 2.81 6.97 3.97
oEu 0.25 0.24 0.28 0.23 0.26 0.42 0.42 0.36 0.27 0.09 0.11 0.23 0.11
La Sm y 4.91 4.96 5.13 5.46 5.13 4.85 4.88 5.74 5.63 1.30 1.59 3.48 2.10
Gd Yb y 1.34 1.66 1.71 1.63 1.57 1.27 1.31 1.75 1.85 0.57 0.87 1.16 1.21
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Continued Table 1-1

MH LS GP

HS-34  HS36 1I-6-2° HM408" LS4 LS-6 LS-7 LS9 LS-10  LS-11 GP-1 GP-6  GP-13

SiO, 76.18 75.99 76.28 76.38 74.49 69.04 70.05 74.44 72.57 71.20 75.07 73.05 74.12
TiO, 0.08 0.08 0.03 0.06 0.20 0.42 0.42 0.18 0.18 0.34 0.27 0.31 0.28
ALO; 12.86 12.66 13.02 12.69 12.54 14.50 13.84 12.87 13.88 14.16 11.73 12.68 12.22
TFeO 1.41 1.11 0.91 1.35 1.75 2.96 2.90 1.75 1.82 2.61 2.38 2.57 2.65
MnO 0.06 0.03 0.02 0.08 0.03 0.07 0.07 0.03 0.03 0.05 0.04 0.05 0.06
MgO 0.13 0.09 0.02 0.04 0.22 0.62 0.72 0.26 0.20 0.43 0.33 0.39 0.31
CaO 0.41 0.60 0.45 0.23 1.20 1.74 1.67 1.01 0.94 1.65 1.30 1.39 1.48
Na,O 3.24 3.66 3.60 3.09 3.33 3.88 4.21 3.29 3.75 3.70 3.16 3.13 3.38
K,O 4.64 5.07 4.98 4.80 4.95 5.17 4.54 5.41 5.91 5.30 4.52 5.03 4.15
P,0s 0.00 0.00 0.04 0.00 0.15 0.14 0.00 0.00 0.05 0.01 0.03 0.02
LOI 0.69 0.50 0.00 0.39 0.53 1.42 0.55 0.45 0.40 0.29 0.67 0.41
2 99.86 99.91 99.46 98.87 99.29 99.41 100.3 99.99 99.93 100.18 99.36 99.59 99.37
K,O+ Na,O 7.88 8.73 8.58 7.89 8.28 9.05 8.75 8.70 9.66 9.00 7.68 8.16 7.53
FeO" MgO 10.87 12.30 45.74 33.77 7.93 4.77 4.02 6.75 9.09 6.07 7.20 6.60 8.53
A CNK 1.16 1.00 1.07 1.19 0.96 0.96 0.93 0.98 0.97 0.95 0.94 0.97 0.96
F 1100 1600 1500 950 870 1500 1 700 1 400 1600 1600 2900

Cl 220 130 330 320 150 380 300 250 550 1120 1 100
Rb 836 782 480 527 412 410 412 473 563 443 412 446 455
Sr 15.7 19.6 11.4 10.6 89.7 308 223 77.2 76.4 149 72.0 134 81.8
Ba 38.3 13.9 16.0 30.4 364 824 549 334 412 605 303 558 218

Y 60.5 65.8 66.1 44.3 38.0 35.9 39.2 60.9 58.1 56.8 46.3 84.4 89.6
Nb 53.7 62.5 52.4 42.3 38.3 56.0 59.1 37.7 55.2 49.3 33.9 38.0 61.4
Ta 15.8 10.1 6.80 7.47 4.54 7.29 8.82 4.91 6.78 6.53 4.37 4.56 9.24
Zr 99.9 125 214 78.6 290 303 342 271 265 331 362 289 373
Hi 5.24 5.57 10.5 3.28 9.02 8.24 9.33 8.7 8.93 9.99 10.9 9.46 12.9
Th 35.2 49.2 41.8 27.2 64.3 45.6 43.4 61.7 60.8 54.3 67.3 45.8 96.3
Ga 27.5 26.5 26.3 25.1 25.8 27.4 31.6 28.7 27.3 28.5 31.1
La 34.7 23.9 15.8 21.6 72.3 68.2 64.3 78.0 98.3 74.1 74.6 75.9 103
Ce 68.1 50.4 39.1 48.7 148 125 120 165 202 150 156 160 218
Pr 9.00 7.59 4.99 5.58 15.9 13.1 12.4 18.1 21.9 16.1 17.4 18.3 24.5
Nd 32.9 30.3 19.5 21.2 56.1 45.5 44 64.6 77.9 58.5 60.4 69.5 92.6
Sm 8.90 7.99 5.24 5.50 9.65 7.84 7.91 13.3 14.4 11.2 11.3 15.6 18.8
Eu 0.18 0.26 0.13 0.10 0.89 1.53 1.28 0.83 0.99 1.37 0.79 1.2 0.85
xd 9.20 8.85 5.92 5.70 8.63 7.34 7.44 13.6 13.2 11.1 9.80 16.2 18.2
Tb 1.6 1.52 1.14 1.13 1.15 1.01 1.06 1.97 1.83 1.56 1.31 2.53 2.74
Dy 11.5 11.2 9.09 7.75 7.26 6.69 6.87 13.0 12.0 10.5 8.46 17.1 18.5
Ho 2.53 2.7 2.3 1.72 1.55 1.43 1.52 2.87 2.54 2.21 1.79 3.56 4.07
Er 8.00 8.69 7.45 5.36 4.45 4.39 4.61 8.04 7.16 6.74 5.12 10.4 11.6
Tm 1.33 1.40 1.47 0.83 0.67 0.67 0.74 1.16 1.08 1.03 0.80 1.52 1.83
Yb 9.01 9.34 10.5 5.71 4.24 4.44 5.06 7.1 7.06 6.67 4.96 9.24 11.7
Lu 1.35 1.46 1.67 0.82 0.61 0.68 0.8 1.07 1.05 0.99 0.78 1.34 1.81
Ga Al 4.04 3.95 3.96 3.27 3.52 4.02 4.30 3.80 4.40 4.28 4.81
K Rb 46.08 53.82 86.13 75.61 99.74 104.68 91.48 94.95 87.14 99.32 91.07 93.62 75.72
Rb Sr 53.25  39.90 42.11 49.72  4.59 1.33 1.85 6.13 7.37 2.97 5.72 3.33 5.56
Nb Ta 3.40 6.19 7.71 5.66 8.44 7.68 6.70 7.68 8.14 7.55 7.76 8.33 6.65
Zr Hf 19.06 22.44 20.38 23.96 32.15 36.77 36.66 31.15 29.68 33.13 33.21 30.55 28.91
> REE 198 166 124 132 331 288 278 389 461 402 354 352 528
LREE HREE 3.45 2.67 2.14 3.54 10.60  9.80 8.89 6.96 9.05 5.50 9.71 7.63 6.50
oEu 0.06 0.09 0.07 0.05 0.30 0.62 0.51 0.19 0.22 0.23 0.23 0.38 0.14
La Sm y 2.45 1.88 1.90 2.47 4.71 5.47 5.11 3.70 4.29 4.15 4.15 3.06 3.43
Gd Yb n 0.82 0.76 0.45 0.81 1.64 1.33 1.19 1.54 1.50 1.42 1.60 1.35 1.25
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Continued Table 1-2 2.1.2 F Cl
GP -
GP-5 GP-8 GP-11 GP-16 LH-1 LS15 F Cl 28 620 ~
SiO, 76.05 76.01 76.31 76.17 74.80 75.26 2900 X10°° 1000~2000 <10 ©
TiO, 0.10 0.07 0.09 0.11 0.08 0.10 130~1200 X106 200~ 600
ALO; 12.18 12.64 12.41 12.23 12.63 12.83
TFeO 0.83 1.25 1.30 1.64 1.41 1.48 x10°°
MnO 0.03 0.03 0.04 0.05 0.03 0.03 2003
MgO 0.14 0.21 0.10 0.10 0.11 0.21 DOF - o
CaO 1.18 0.79 0.64 0.81 0.99 0.88
Na,O 3.33 4.61  3.62 3.22 3.56 3.32 Si—F Si—Cl Al=F Al—Cl
K,0 517 3.48 4.74 541 501 5.08 depolymerization
P,05 0.00 0.00 0.02 0.00 0.00 0.00 200C London 1987 Manning
LOI 0.59 0.71 0.74 0.47 0.43 0.51 )
D 99.74 99.94 100.20 100.39 99.21 99.87 ¢t al. 1980 Xiong et al. 1996
K,O0+Na,0O  8.55 8.09 8.36 8.63 8.57 8.40
FeO* MeO 5.91 596 13.41 16.38 12.84 7.07 @
A CNK 0.91 0.99 1.01 0.97 0.96 1.02
F 1400 2300 2300 1900 1800 3.9 HFSE
cl 580 330 200 380 160
Rb 526 597 956 636 636 569 MoF, Ga Al Fy
Sr 29.7  12.4 18.2 23.6 33.8 52,6 \
Ba 379 19.5  41.0 44.8 107 205 Nb Ta Fs Yb Y F; Th U F;  LaOF
Y 106 114 108 132 110 96.1 Richardson ez al. 1979 Collins et al. 1982
Nb 67.7 76.1 ~ 70.5 57.9 43.3  49.5 Na® K*
Ta 9.9 39.8  27.5 9.78 10.3 7.63
Zr 139 156 165 221 128 109 HEFSE F=Th
Hf 8.8 12.5 894 9.63 7.17 4.72 F-Yb F-Zr F—Hf
Th 50.6 58.2 53.5 75.1 36.2 33.2
Ga 23.7  34.0 30.6 27.8 25.1 29.5 5 1.3
La 21.81 31.3 26.9 67.1 33.0 37.9 T
Ce 48.3 67.9 58.4 161 69.8 85.7 -
Pr 6.54 8.79 7.20 19.2 9.25 10.2 MREE=278 X 10 °~528 x 10 °°
Nd 27.93  35.1 27.4 747 36.4  40.9 i
Sm 9.21 11.4 874 18.4 11.7 11.3 393x 10 3a
Eu 0.27 0.1 0.21 0.3 0.3 0.5 LREE HREE=5.50~15.25 9.37
Gd 11.85 13.8 11.2  20.1 14.4 13.9 Fu SEu=0.14~0.62 0.31 LREE
Th 2.21  2.72  2.27 3.35 259 2.5
Dy 16.47 21.1 17.8 23.8 18.4 18.1 HREE  La Sm n=2.97~5.36
Ho 3.9 500 423 523 4.16 4.16 4.56  Gd Yb y=1.25~1.84 1.49
Er 11.74 16.7 13.9 15.6 12.3 12.2
Tm 1.99 2.92 2.41 2.3 1.90 1.86 SYREE = 124 X 106 ~ 427 X 106 201 X
Yb 12.98 21.2 16.9 14.1 12.7 12.2 s
Lu 2,09 3.3 2.60 2.12 1.92 1.77 10 LREE HREE
Ga Al 3.67  5.08 4.66 4.29 3.75 4.34 “ K 3a LREE HREE
K Rb 81.56 48.39 41.16 70.61 65.39 74.12 —1.78~6.97 299 Fu 0.025
Rb Sr 17.74 48.15 52.53 26.95 18.82 10.82
Nb Ta 340 1.91 2.56 5.92 4.20 6.49 ~0.232 0.09  La Sm y=1.26-3.38
Zr Hf 15.80 12.48 18.46 22.95 17.85 23.09 1.97 Gd Yb =0.45~1.20 0.81
> REE 177 241 200 427 229 253
LREE HREE 1.80 1.78 1.81 3.93 2.35 2.80
3Eu 0.08 0.02 0.06 0.05 0.08 0.13

La Sm y 1.49 1.73 1.94 2.29 1.77 2.11
Gd Yb y 0.74 0.53 0.54 1.16 0.91 0.91
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Fig. 4 Primary allanites in Early Yanshanian Huashan-Guposhan granite = single-crossed
a— HS-13-01 b— L.S-9-01

a—paragenesis of slaty-allanite biotite and feldspar HS-13-01 b—inner structure of allanite and its enclaves L.S-9-01
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