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Geochemistry of the Guangxi-type granite and its tectonic implications

ZHANG Qi
(Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: Granites can be divided into five types on the basis of their Sr and Yb content: high-Sr and low-Yb
adakitic-type; low-Sr and Yb Himalaya-type; low-Sr and high-Yb Zhemin-type; very low-Sr and high-Yb Nan-
ling-type and high-Sr and Yb Guangxi-type. Guangxi-type granites are exposed less in field and mainly com-
posed of granodiorite, hornblende biotite granite, monzonitic granite and quartz syenite. Guangxi-type granites
have low SiO,, and are characterized by rich Al, Fe, K and P, belonging to shoshonite or high-K calc-alkaline
series. Magma with high Sr and Yb content indicates lack of plagioclase and garnet in the residual phase. That
means Guangxi-type granites are mainly composed of amphibolite plus/minus pyroxene, belonging to ultramafic
rocks. Therefore, the condition for the formation of Guangxi-type granites was tough and needed high tempera-
ture at least. Guangxi-type granites are located in a narrow area in the phase diagram, above the plagioclase van-
ishing line, under the garnet appearing line and before the amphibolite disappearing line. Guangxi-type granites
were formed under the pressure of about <1.0 GPa and at the temperature of >900C at least. These charac-
teristics show that Guangxi-type granites were formed at the normal or thinning thickness of the crust with high
temperature.
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1 wi % wg 107° 1999
Table 1 Major and trace element content of Mesozoic Guangxi-type granites in southeastern Guangxi after Li Xianhua ef al. 1999

HK-2 HK-3 HK-12 HK-16 HK-21 HK-34 HK-65 HK-67 HK-28 HK-71 HK-76"
SiO, 58.77 65.16 63.6 63.27 58.68 58.02 62.43 64.40 63.83 68.55 63.30
TiO, 0.83 0.44 0.97 0.68 1.02 1.65 1.12 1.14 0.81 0.44 0.57
ALO; 19.96 17.07 15.10 16.98 17.57 15.83 15.78 14.81 15.89 15.02 16.56
Fe,O4 6.18 3.47 6.09 3.55 5.76 7.64 6.45 6.35 5.03 3.13 4.49
MnO 0.11 0.09 0.10 0.06 0.12 0.11 0.09 0.09 0.11 0.07 0.12
MgO 0.85 0.50 1.26 0.60 1.35 2.29 1.40 1.45 1.06 0.50 0.71
CaO 3.92 1.75 3.23 2.43 4.20 4.48 3.38 3.00 2.28 1.72 1.78
Na,O 3.81 5.17 2.90 4.82 5.17 3.21 3.47 3.09 3.58 3.79 3.58
K,O 5.63 5.34 4.60 4.80 4.33 4.78 4.76 4.69 5.54 5.11 7.27
P,0s 0.16 0.14 0.30 0.18 0.30 0.49 0.27 0.26 0.32 0.14 0.17
\Y4 110 16.0 58.4 43.4 68.2 119 81.6 77.0 39.9 24.5 25.6
Cr 3.89 3.22 15.2 13.6 10.1 12.6 7.25 8.06 9.02 7.48 11.0
Rb 132 171 143 232 183 154 265 268 225 213 316
Sr 795 414 308 458 652 665 383 327 450 307 210
Y 19.4 27.2 37.3 19.8 29.2 32.2 35.6 40.8 32.8 26.9 75.9
Zr 898 258 447 385 522 309 338 356 334 259 619
Nb 17.6 62.5 35.4 76.0 77.4 81.7 51.9 50.9 87.6 54.6 110
Cs 2.87 1.50 19.7 6.560 4.11 7.45 21.6 18.4 7.54 4.50 7.08
Ba 1940 906 1118 670 645 888 918 571 708 750 561
La 29.8 56.5 64.0 60.5 53.3 77.0 61.4 71.0 36.5 52.8 21.7
Ce 58.2 97.0 121 123 100 141 120 133 89.0 96.8 63.4
Pr 6.73 11.7 13.6 11.2 11.3 16.2 14.0 15.6 10.5 10.6 9.93
Nd 25.6 43.1 49.1 36.9 39.9 58.0 50.1 55.5 41.8 35.9 44.2
Sm 4.42 7.30 9.11 5.87 7.07 10.3 8.85 10.0 8.13 6.48 12.5
Eu 2.98 2.12 2.10 1.33 2.01 2.24 1.85 1.56 1.56 1.37 1.34
Gd 3.58 6.86 8.24 5.41 6.41 8.79 8.37 9.41 6.57 578 11.5
Th 0.57 0.90 1.17 0.71 0.89 1.19 1.09 1.24 1.02 0.85 2.01
Dy 3.32 4.95 6.83 4.05 4.89 6.37 5.93 6.79 5.61 4.81 13.2
Ho 0.66 0.91 1.28 0.77 0.93 1.12 1.13 1.26 1.05 0.88 2.46
Er 1.81 2.55 3.70 2.11 2.53 3.14 3.07 3.56 2.86 2.59 7.18
Tm 0.33 0.39 0.53 0.36 0.40 0.44 0.47 0.51 0.46 0.38 1.16
Yb 2.00 2.27 3.39 2.16 2.40 2.66 2.80 2.97 2.67 2.42 7.64
Lu 0.33 0.35 0.52 0.32 0.34 0.40 0.40 0.43 0.39 0.38 1.16
Hf 20.3 6.27 10.6 9.63 10.9 7.45 8.47 8.95 8.22 7.00 17.2
Ta 1.62 4.13 2.11 5.68 4.92 4.72 3.37 3.21 4.74 5.49 15.2
Th 9.04 13.3 18.2 33.4 24.7 17.7 30.5 33.8 8.12 25.2 26.9
U 3.01 5.91 3.78 25.1 9.01 3.69 10.2 7.80 4.07 6.39 13.0
SiO,
HFS P Ti Ta Nb REE 0.92~0.99 Eu Eu” =0.022~
Nb* =0.74~1.06 0.86 0.98 260 Ma
AS[=0.84~1.0 Na+K Al=0.91~1.01
Fe* =0.79~0.81 Eu Eu”™ =
1.3 0.82~1.91 eNd ¢+ =+1.3~+3.2
Sr 407 X 10~ ° ~ 682 X
260 Ma 107  Yb 1.4X10 °~3.0x10°°
Shellnutt and Zhou 2007 ASI=0.76 1.4

~1.12 Na+K Al=0.78~1.2 Fe® = Yang Li 2008
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166~153 Ma ALO; >16% MgO <2.5% LREE LILE
Pb HFSE  Sr 295x10 °~558x10"°
SiO, 56% ~ 66 % 2 Yb 2.7X10 ©~3.7x10 ©
2 wg % wg 1076 Yang Li 2008
Table 2 Major and trace elements of andesite and rhyorite from the Lanqgi Formation in western Liaoning after Yang and Li 2008
LQ-9 LQ-10 LQ-11 LQ-16 LQ-20 LQ-27 LQ-28 LQ-29
SiO, 65.26 65.86 64.4 57.04 57.96 65.62 66.006 66.14
TiO, 0.5 0.5 0.57 1.38 1.44 0.47 0.47 0.48
ALO; 16.27 16.27 16.76 17.06 17.02 16.59 16.57 16.44
Fe,O5 4.73 4.29 4.66 7.27 7.07 3.9 3.24 3.46
MnO 0.06 0.06 0.03 0.13 0.09 0.09 0.12 0.08
MgO 0.24 0.24 0.42 1.38 1.14 0.33 0.69 0.69
CaO 1.67 1.75 1.54 4.88 4.17 2.17 2.08 2.29
Na,O 4.55 4.62 4.62 4.45 4.55 5.1 5 5.2
KO 4.96 4.96 4.88 3.32 3.5 3.88 3.7 3.62
P,0s 0.19 0.18 0.2 0.64 0.66 0.15 0.17 0.17
LOI 1.57 1.31 1.84 2.47 2.14 1.33 1.51 1.44
Total 100.01 100.04 99.92 100.02 99.74 99.63 99.61 100.01
Mg” 9 10 15 28 24 14 30 29
Sc 6.5 6.6 7 13.2 13.6 3.5 3.61 3.28
Cr 0.35 1.19 0.1 0.45 0.3 0.18
Ni 5.13 0.81 1.23 1.66
Rb 162 163 159 110 109 105 100 89.5
Sr 295 305 355 558 547 415 392 387
Y 36.3 38.5 35.5 39.6 40.2 28.4 27.8 28
Zr 440 442 439 311 318 283 276 270
Nb 23.5 23.9 24 19.6 20.2 11.5 11.4 11.1
Ba 1318 1288 1340 1079 1187 1246 1225 1140
Hf 11.7 11.75 11.5 8.45 8.5 6.47 6.33 6.17
Ta 1.15 1.17 1.16 0.94 0.958 0.533 0.53 0.511
Pb 27 24.1 24.3 15.6 17.9 15.9 15 14.7
Th 10 10.37 9.93 6.78 6.94 4.85 4.77 4.57
18] 2.11 2.33 1.93 1.61 1.59 0.73 0.749 0.731
La 65.7 65.6 62.8 56.9 57.5 43.4 42.3 41
Ce 109 107 104 120 118 77.8 80.3 78.9
Pr 15.5 15.5 14.9 15.3 15.3 10.3 9.87 9.54
Nd 53.7 54.2 52.1 57.6 58 37 35.1 33.8
Sm 9.58 9.58 9.13 11 11.1 6.725 6.31 6.04
Eu 1.81 1.8 1.79 2.43 2.46 1.63 1.56 1.5
Gd 8.06 8.31 7.59 9.5 9.59 5.79 5.48 5.27
Th 1.1 1.12 1.03 1.28 1.29 0.807 0.762 0.734
Dy 5.87 6.09 5.56 6.77 6.77 4.44 4.16 4.09
Ho 1.25 1.28 1.18 1.38 1.39 0.961 0.907 0.892
Er 3.28 3.35 3.12 3.45 3.44 2.46 2.42 2.36
Tm 0.549 0.548 0.524 0.531 0.528 0.411 0.403 0.396
Yb 3.7 3.7 .57 3.44 3.4 2.77 2.77 2.65
Lu 0.559 0.547 0.542 0.501 0.494 0.414 0.42 0.404
SiO, 57%
1.5 Verhuskjerringi Valle Holum Svéfjell Handeland-
1.0~0.9 Ga Tveit Aseral Lyngdal Bessefjellet

A Bessefjellet Rustfjellet Rustfjellet
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Table 3 Major wy % and trace wy 107° element compositions of Lyngdal granite southern Norway after Bogaerts et al. 2003

1 2 3 4 5 6 7 8 9 10 11
SiO, 59.6 60.8 60.9 60.9 61 61.4 62.3 63.3 64.5 64.8 65.2
TiO, 1.72 1.17 1.67 1.49 1.73 1.31 1.48 1.33 1.12 1.1 0.91
ALO; 13.6 15.1 13.4 12.9 12.9 15 13.9 14.1 14.1 14.3 14
Fe, 05 10.2 7.61 9.42 9.66 9.25 7.87 8.73 7.76 6.2 6.41 5.64
MnO 0.16 0.12 0.15 0.16 0.14 0.12 0.15 0.14 0.1 0.1 0.08
MgO 2.1 1.3 1.9 1.7 1.67 1.8 1.63 1.56 1.28 1.38 1.09
CaO 5.3 5.25 5 4.7 4.36 4.43 4.32 4.16 3.7 3.49 3.24
Na,O 3.1 3.2 3.1 2.8 3.1 3.7 3.5 3.6 3.1 3.3 4.5
K,O 2.85 3.21 3.26 3.7 3.46 3.37 3.62 3.84 3.89 4.29 4.36
P05 0.84 0.76 0.83 0.82 0.74 0.53 0.59 0.55 0.45 0.39 0.35
LOI 0.34 0.62 0.35 0.79 0.72 0.48 0.67 0.5 0.9 0.7 0.55
Total 99.8 99.3 100 99.8 99.1 100 100.8  100.38 99.4 100.2 99.9
Rb 89 96 82 139 108 95 111 124 116 113 120
Sr 525 507 477 423 326 490 358 458 406 397 401
Ba 1510 1398 1554 1694 1200 1466 1010 1955 1507 1417 1396
\% 82 47 66 58 77.6 58 67 62 43 41 40
Cr 3.3 3 27 12 66 0 0
Co 26 11 24 20 15 14 18 20 19 10 23
Ni 3 0 10 3.5 0 0 1.2 6 1.5 0
Cu 10 3 13 8 5 9 7 9 12 7 9
Zn 169 234 169 200 221 142 163 145 118 110 108
Ga 22 26 23 33 24 25 25 31 24 23 23
Zr 525 595 621 779 548 600 584 547 543 527 471
Hf 19 16 16 23 18 20 12 14 22 25
Nb 22 22 26 33 21 24 4 24 23 24 21
Ta . 1.2 1.5 1.4 1.3 1.4 2 1 1.3 1.2 1.1
U 1.8 1.23 1.5 1.3 1.1 1.22 1.3 1.17 1.8 1.09 0.84
Th 7.1 9.8 8 7.5 8.1 8.2 15.1 7.5 12 7.8 8.4
Pb 25 21 24 22 24 23 24 21 24 25 24
Y 88 88 90 129 82 75 116 76 72 81 63
La 107 80 96 151 75 87 104 114 81 87 96
Ce 226 185 222 310 167 180 209 228 185 182 188
Pr 30 23.8 29 40 21.9 22.9 26.5 28 23.5 23.8 22.3
Nd 124 102 120 163 93 94 114 111 98 101 88
Sm 24.7 20.5 22.8 32 19.1 19.3 24.4 21 18.3 19.9 16.8
Eu 5.23 4.82 4.81 6.26 4.25 4.34 3.88 4.74 3.85 3.96 3.61
Gd 22 18 20 31 17 17 25 18 16 19 15
Tb 3 2.8 3 3.9 2.7 2.5 3.7 2.2 2.4 2.8 2.2
Dy 16 15 16 21 15 13 21 12 13 15 11
Ho 3.4 3.4 3.5 4.2 3.3 2.6 4.4 2.5 2.8 3.2 2.4
Er 8.5 8.2 8.6 10.7 8.2 6.9 11.5 6.4 6.7 8.2 5.9
Tm 1.25 1.09 1.2 1.62 1.13 0.99 1.61 0.91 0.92 1.1 0.83
Yb 7.9 7.4 7.5 10.1 7.4 6.2 9.6 5.9 6.1 7 5.6
Lu 1 1.1 1.1 1.3 1.1 0.9 1.4 0.8 0.9 1 0.8
Eu Eu” 0.68 0.75 0.68 0.61 0.7 0.72 0.48 0.72 0.68 0.61 0.67
NK A 0.6 0.58 0.65 0.67 0.68 0.66 0.7 0.71 0.66 0.7 0.86
A CNK 0.76 0.82 0.76 0.75 0.77 0.84 0.79 0.8 0.88 0.88 0.78
XFe 0.81 0.84 0.82 0.83 0.83 0.8 0.83 0.82 0.81 0.81 0.82
4 Xfe=FeOt FeOt+ MgO
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Table 4 Whole-rock chemical analyses of the Chiapanecan Volcanic Arc Guangxi-type Mexico after More et al. 2007
1 2 3 4 5 6 7 8 9
SiO, 58.37 63.72 62.54 63.47 61.15 61.48 60.6 61.76 56.75
TiO, 0.59 0.41 0.51 0.49 0.63 0.6 0.51 0.41 0.64
ALO; 18.23 16.8 16.62 16.76 16.42 16.78 17.09 18.07 17.45
Fe,O; 6.14 4.31 4.95 4.93 5.92 5.36 5.43 5.13 7.17
MnO 0.16 0.12 0.14 0.12 0.12 0.13 0.13 0.09 0.16
MgO 1.44 1.12 1.46 1.17 1.97 1.55 1.28 1.68 2.75
CaO 6.09 5.46 5.69 5.26 6 5.75 5.51 6.78 8.46
Na,O 4.38 4.38 4.12 4.42 3.99 4.41 3.59 4.15 3.91
K,O 3.03 2.5 2.85 2.61 2.4 2.91 2.5 1.38 2.05
P,0s 0.32 0.21 0.23 0.2 0.22 0.25 0.19 0.17 0.26
LOI 0.79 1.05 0.75 0.52 1.25 0.85 3.19 0.31 0.58
Total 100 100 100 100 100 100 100 100 100
Mg* 0.33 0.35 0.38 0.33 0.41 0.38 0.33 0.41 0.45
Sr 827 617 679 578 566 669 582 565 638
Ba 672 505 588 761 713 785 762 698 566
Co 111 7.9 8.9 8.3 13.4 10.6 8.5 38 20.3
Cr 6 11.5 11.4 8.1 18 14.4 15 b2 41.9
Cu 21 68 5 13 14 12 54 14 55
Ni 157 99 4 22 13 10 26 11 23
Se 8.27 5.63 8.46 5.65 10.3 6.8 6.24 nm 13.9
Th 7.1 6.5 7.1 8.8 9.2 11.4 9.6 6 7.2
Pb 7 8 11 13 8 10 12 6 10
\% 139 74 92 82 118 105 82 89 147
Zn 73 46 50 59 56 61 60 56 61
Y 20 22 23 23 26 27 23 22 26
Rb 81 90 98 95 81 90 96 65 76
Zr 128 166 171 170 178 187 165 129 155
Be 2 2 2 2 2 2 2 nm 2
Cs 3.9 3.5 4 3.5 3.2 4 3.7 nm 1
Hf 3.2 3.8 4.5 3.8 4.2 4.5 3.8 nm 3.8
Ta ndl ndl ndl ndl ndl 1.5 1.2 nm 1
U 3.3 3 3.2 3.6 3.7 4 4.2 nm 2.1
Cd 0.6 0.9 1.8 1.8 1.7 0.6 1.8 nm 0.7
La 24.4 21.4 25.7 26.8 29.8 39.2 30.1 18.27 30
Ce 45 40 47 49 57 66 53 34.48 54
Nd 20 19 23 22 27 30 26 16.07 25
Yb 2 2.2 2.33 2.35 2.45 2.61 2.56 1.34 2.44
Lu 0.3 0.34 0.35 0.35 0.35 0.36 0.38 0.18 0.37
Eu 1.31 0.94 1.2 1.07 1.21 1.44 1.16 1.2 1.23
Sm 4.48 3.7 4.58 4.31 5.06 5.76 4.7 3.25 4.79
Tb 0.7 0.6 0.6 0.7 0.8 1 0.9 0.4 0.7
Nb 31 24 26 24 23 29 24 12 23
nm— ndl— Mg*
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