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Mineralogy and mineral chemistry of the Jinche gabbro in the Longsheng area
of northern Guangxi in the western segment of the Jiangnan Orogen and its
geological significance
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Abstract: The Longsheng area in northern Guangxi lies in the western segment of the Jiangnan Orogen. In this
paper, the authors determined the chemical compositions of the clinopyroxene and plagioclase in the Jinche gab-
bro by electron microprobe analysis. It turns out that the clinopyroxene is augite with Woy; _ogEns; —57Fsi5-2,,
and the plagiolcase is albite with An; 359 ¢5Abgy 349745019 361 05 in composition. The crystallization tempera-
ture and pressure of clinopyroxene were estimated by the clinopyroxene-melt equilibrium and clinopyroxene
isotherm, which yielded crystallization temperature, pressures and corresponding formation depth of 1250 ~
1350C, 1.31~2.25 GPa and 43.2~74.3 km, respectively. The temperature is consistent with that of the as-
thenosphere lithospheric mantle (1 280~1 350°C ), and under that depth, the decompression melting of the as-
thenosphere lithospheric mantle can occur. Therefore, it is inferred that the Jinche gabbro might have originated
from the asthenosphere lithospheric mantle. In addition, the chemical composition of the clinopyroxene indicates
that the Jinche gabbro belongs to the tholeiitic series formed in an intraplate tectonic setting. In conclusion, the
authors hold that the Jinche gabbro was formed by partial melting of the upwelling asthenosphere mantle due to
rifting.
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Fig. 1 Geological sketch map of the Jiangnan Orogen Cafter Yao et al., 2014)
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(D—Shaoxing-Jiangshan-Pingxiang-Shuangpai fault; @—Zhenghe-Dapu fault; 3)—Northeast Jiangxi fault; @—Jiujiang-Shitai fault;
®—Tanlu fault
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Fig. 2 Sketch geological map of the mafic-ultramafic rocks from Longsheng area in north Guangxi Cafter 1:200 000
Geological Map of Sanjiang Sheet® and Xupu Sheet®)
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Fig. 3 The Jinche gabbro that intruded into the Sinian lithologic sequience (a, b) and hand specimen of the Jinche gabbro (¢, d)
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Fig. 4 Photomicrograph showing major minerals and texture of the Jinche gabbro (crossed nicols)
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Fig. 6 Diagram of classification for clinopyroxenes
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Table 1 Chemical composition of clinopyroxene in the Jinche gabbro
FE i JC13-5 JC13-5 JC13-5 JC13-5 JC13-5 JC13-5 JC13-5 JC13-5 JC13-5 JC13-1 JC13-1 JC13-1
SiO, 53.66 54.34 54.00 54.78 54.86 54.00 53.92 54.80 53.86 54.77 54.83 55.20
TiO, 0.02 0.00 0.04 0.01 0.01 0.00 0.03 0.05 0.03 0.04 0.02 0.02
ALO; 2.33 2.09 2.41 1.53 1.48 2.20 2.24 1.45 2.14 1.27 1.06 1.25
Cr,04 0.04 0.01 0.01 0.01 0.00 0.01 0.00 0.03 0.01 0.22 0.07 0.21
FeO 11.12 11.49 10.44 10.15 10.41 11.29 11.13 11.01 10.46 11.02 10.51 9.23
MnO 0.13 0.18 0.21 0.22 0.21 0.18 0.17 0.21 0.22 0.22 0.19 0.19
MgO 16.71 16.50 17.06 17.18 17.29 16.57 16.64 16.92 17.71 16.99 17.86 18.25
CaO 13.22 12.42 13.05 13.30 12.76 12.58 12.77 12.61 12.51 13.01 12.45 13.20
Na,O 0.19 0.19 0.13 0.22 0.21 0.37 0.32 0.29 0.16 0.16 0.10 0.11
K,O 0.08 0.10 0.08 0.04 0.07 0.11 0.10 0.08 0.08 0.11 0.04 0.06
NiO 0.02 0.00 0.04 0.04 0.02 0.04 0.00 0.08 0.09 0.00 0.01 0.07
Total 97.51 97.31 97.47 97.49 97.31 97.35 97.31 97.53 97.27 7.79 97.13 97.78
Si 2.0094 2.0340 2.0145 2.0405 2.0455 2.0237 2.0200 2.0459 2.0135 2.0414 2.0475 2.0413
A 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
A 0.1030 0.0923 0.1059 0.0673 0.0650 0.0971 0.0991 0.0639 0.0944 0.0556 0.0467 0.0545
Ti 0.0006 0.0000 0.0011 0.0003 0.0003 0.0000 0.0007 0.0013 0.0008 0.0010 0.0006 0.0005
Cr 0.0011 0.0002 0.0004 0.0002 0.0000 0.0003 0.0000 0.0009 0.0003 0.0064 0.0022 0.0061
Fe* 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Fe** 0.3528 0.3662 0.3310 0.3214 0.3303 0.3588 0.3536 0.3495 0.3314 0.3490 0.3338 0.2903
Mn 0.0042 0.0056 0.0065 0.0070 0.0065 0.0057 0.0055 0.0065 0.0068 0.0068 0.0059 0.0059
Mg 0.9327 0.9207 0.9486 0.9540 0.9608 0.9256 0.9291 0.9414 0.9867 0.9440 0.9942 1.0058
Ca 0.5302 0.4979 0.5216 0.5310 0.5099 0.5053 0.5128 0.5044 0.5012 0.5197 0.4980 0.5232
Na 0.0136 0.0135 0.0097 0.0162 0.0150 0.0270 0.0231 0.0211 0.0113 0.0118 0.0070 0.0079
K 0.0038 0.0049 0.0039 0.0020 0.0032 0.0051 0.0047 0.0040 0.0040 0.0050 0.0021 0.0029
Wo 29.20 27.90 28.96 29.39 28.31 28.23 28.56 28.10 27.55 28.67 27.27 28.76
n 51.37 51.58 52.67 52.81 53.35 51.72 51.75 52.44 54.24 52.08 54.45 55.29
Fs 19.43 20.52 18.38 17.79 18.34 20.05 19.70 19.47 18.22 19.25 18.28 15.96
Mg” 72.56 71.54 74.13 74.80 74.42 72.06 72.43 72.92 74.86 73.01 74.87 77.60
Cr” 1.03 0.23 0.33 0.31 0.00 0.34 0.00 1.37 0.35 10.26 4.42 10.08
K5 JC13-1 JCI13-1 JC13-1 JC13-1 JC13-1 JC13-1 JC13-1 JC13-1 JC13-1 JC13-1 JC13-1 JC13-1
SiO, 54.31 55.50 55.27 54.41 53.54 54.51 55.52 55.25 55.64 4.03 54.51 55.67
TiO, 0.03 0.00 0.00 0.00 0.05 0.02 0.00 0.02 0.28 0.07 0.07 0.00
ALO; 1.93 1.03 1.44 2.11 2.75 1.76 0.95 1.35 1.22 2.59 2.13 1.26
Cr,04 0.20 0.17 0.26 0.42 0.53 0.11 0.19 0.16 0.25 0.25 0.22 0.02
FeO 9.45 9.15 9.27 9.20 10.27 11.58 10.09 9.95 8.54 9.92 9.59 9.03
MnO 0.21 0.22 0.20 0.21 0.23 0.34 0.16 0.21 0.17 0.19 0.16 0.19
MgO 17.79 18.26 18.29 17.84 17.16 16.14 17.39 17.30 17.80 17.35 17.24 18.93
CaO 13.32 13.27 3.01 13.28 12.98 12.83 12.95 12.78 13.05 12.94 12.90 12.41
Na,O 0.18 0.23 0.15 0.20 0.27 0.19 0.11 0.14 0.08 0.24 0.18 0.08
K,O 0.08 0.07 0.04 0.07 0.10 0.11 0.00 0.03 0.06 0.37 0.04 0.02
NiO 0.09 0.00 0.06 0.00 0.03 0.04 0.04 0.03 0.06 0.01 0.03 0.03
Total 97.58 97.90 97.99 97.73 97.91 97.63 97.41 97.22 97.13 97.94 97.06 97.62
Si 2.0188 2.0484 2.0383 2.0155 1.9924 2.0402 2.0635 2.0559 2.0599 2.0050 2.0311 2.0505
AN 0.0000 0.0000 0.0000 0.0000 0.0076 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AlY 0.0846 0.0449 0.0625 0.0920 0.1128 0.0774 0.0417 0.0594 0.0531 0.1132 0.0937 0.0546
Ti 0.0008 0.0000 0.0000 0.0000 0.0013 0.0004 0.0000 0.0005 0.0079 0.0019 0.0020 0.0000
Cr 0.0060 0.0048 0.0076 0.0123 0.0157 0.0031 0.0057 0.0047 0.0073 0.0072 0.0065 0.0004
Fe* 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Fe** 0.2979 0.2808 0.2908 0.2892 0.3235 0.3690 0.3204 0.3161 0.2708 0.3116 0.3046 0.2835
Mn 0.0066 0.0070 0.0062 0.0065 0.0073 0.0108 0.0051 0.0066 0.0052 0.0059 0.0050 0.0058
Mg 0.9860 1.0044 1.0057 0.9851 0.9521 0.9007 0.9636 0.9598 0.9827 0.9599 0.9574 1.0397
Ca 0.5304 0.5249 0.5143 0.5273 0.5174 0.5146 0.5156 0.5094 0.5176 0.5145 0.5149 0.4896
Na 0.0126 0.0165 0.0109 0.0144 0.0198 0.0134 0.0078 0.0101 0.0054 0.0174 0.0129 0.0054
K 0.0038 0.0035 0.0018 0.0031 0.0047 0.0054 0.0001 0.0016 0.0026 0.0176 0.0020 0.0008
Wo 29.24 28.90 28.40 29.27 28.86 28.84 28.65 28.53 29.23 28.81 28.98 27.01
En 54.35 55.30 55.54 54.68 53.10 50.48 53.54 53.76 55.49 53.75 53.88 57.35
Fs 16.42 15.79 16.06 16.05 18.04 20.68 17.81 17.71 15.29 17.45 17.14 15.64
Mg” 76.80 77.79 77.57 77.30 74.64 70.94 75.04 75.23 78.40 75.49 75.87 78.58
Cr* 6.62 9.72 10.82 11.82 11.52 3.90 11.96 7.35 12.12 5.99 6.50 0.80
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Continued Table 1-1

B Jc13-1 - jc13-1 - jc13-1 Jc1s-1r jci3-1 Jjcs-1r jci3-1r Jjce13-3 - jci3-3 0 JCe13-3 - Jjci3-3 - JC13-3

SO, 55.49 55.64 54.21 55.52 55.49 55.85 55.66 54.77 53.19 53.05 53.76 54.68
TiO, 0.03 0.03 0.00 0.06 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00
ALO; 1.37 0.81 1.93 1.48 1.13 1.17 1.28 2.00 2.68 2.20 1.07 1.15
Cry05 0.02 0.00 0.02 0.00 0.03 0.00 0.00 0.04 0.04 0.12 0.25 0.05
FeO 9.20 9.17 10.30 9.73 10.01 9.16 9.73 10.28 10.88 10.39 9.63 11.12
MnO 0.20 0.19 0.21 0.21 0.27 0.22 0.19 0.17 0.23 0.22 0.20 0.19
MgO 18.55 18.37 18.51 18.23 17.77 18.45 18.40 16.82 16.89 17.06 17.69 17.30
CaO 12.18 12.53 12.37 12.64 12.68 12.54 12.54 12.73 13.24 13.13 13.24 13.29
Na,O 0.07 0.09 0.08 0.09 0.08 0.09 0.11 0.69 0.41 0.33 0.24 0.11
K,O 0.06 0.04 0.04 0.04 0.03 0.06 0.02 0.07 0.21 0.17 0.10 0.04
NiO 0.04 0.04 0.07 0.04 0.07 0.07 0.01 0.04 0.07 0.09 0.02 0.03
Total 97.20 96.89 97.72 98.03 97.53 97.61 97.93 97.62 97.83 96.76 96.19 97.96

Si 2.0536  2.0673 2.0129 2.0451 2.0582 2.0599 2.0506 2.0372 1.9904 2.0029 2.0317 2.0369
Al 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0096 0.0000 0.0000 0.0000
Al 0.0596 0.0353 0.0843 0.0643 0.0492 0.0510 0.0555 0.0875 0.1084 0.0978 0.0474 0.0505
Ti 0.0007 0.0008 0.0001 0.0017 0.0000 0.0000 0.0000 0.0005 0.0001 0.0000 0.0000 0.0000
Cr 0.0006 0.0000 0.0007 0.0000 0.0008 0.0000 0.0000 0.0012 0.0011 0.0037 0.0076 0.0014
Fe* 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Fe?' 0.2905 0.2910 0.3240 0.3053 0.3168 0.2883 0.3055 0.3244 0.3431 0.3313 0.3081 0.3516
Mn 0.0061 0.0058 0.0066 0.0067 0.0084 0.0067 0.0058 0.0054 0.0072 0.0069 0.0062 0.0060
Mg 1.0232 1.0173 1.0244 1.0008 0.9824 1.0142 1.0107 0.9328 0.9420 0.9599 0.9966 0.9605
Ca 0.4831 0.4987 0.4921 0.4987 0.5038 0.4955 0.4950 0.5071 0.5308 0.5309 0.5359 0.5305
Na 0.0053 0.0062 0.0055 0.0064 0.0057 0.0065 0.0078 0.0497 0.0298 0.0238 0.0174 0.0078
K 0.0028 0.0018 0.0019 0.0019 0.0012 0.0029 0.0009 0.0031 0.0099 0.0082 0.0047 0.0020

Wo 26.89 27.60 26.74 27.63 27.94 27.56 27.33 28.74 29.23 29.14 29.12 28.79
En 56.95 56.30 55.66 55.45 54.49 56.41 55.80 52.87 51.88 52.68 54.15 52.13

Fs 16.17 16.11 17.60 16.92 17.57 16.03 16.87 18.39 18.90 18.18 16.74 19.08
Mg” 77.88 77.76 75.97 76.63 75.62 77.87 76.79 74.19 73.30 74.34 76.39 73.20
Cr* 0.93 0.00 0.82 0.00 1.52 0.00 0.00 1.33 0.89 3.62 13.75 2.66

B JC13-3 JCI3-3  JC13-3  JC13-3 jC13-3  JC13-3  JC13-3  JC13-3  JC13-3  JC13-3  JC13-3  JC13-3

SO, 54.04 53.79 52.35 55.38 54.51 53.50 53.50 53.98 54.97 54.13 53.77 54.40
TiO, 0.05 0.00 0.00 0.00 0.02 0.04 0.03 0.08 0.01 0.11 0.03 0.06
ALO; 2.49 2.48 2.67 0.87 1.51 2.95 2.90 1.59 0.72 1.11 2.16 1.75
Cr,05 0.05 0.00 0.08 0.04 0.04 0.09 0.05 0.05 0.01 0.04 0.04 0.01
FeO 10.52 10.79 0.96 10.01 11.02 10. 60 10.43 10.74 9.84 10.68 10.85 10.52
MnO 0.18 0.22 0.23 0.18 0.20 0.14 0.22 0.21 0.19 0.19 0.18 0.19
MgO 16.95 17.03 16.80 17.45 17.06 17.12 17.17 17.31 18.26 17.23 17.03 17.39
CaO 12.62 12.59 12.80 12.77 13.02 12.86 13.24 12.95 12.90 13.12 13.34 13.13
Na,O 0.26 0.26 0.33 0.09 0.17 0.29 0.32 0.14 0.09 0.12 0.27 0.16
K,O 0.10 0.13 0.13 0.04 0.08 0.12 0.10 0.11 0.06 0.04 0.11 0.11
NiO 0.00 0.01 0.03 0.06 0.05 0.00 0.00 0.02 0.07 0.10 0.00 0.07
Total 97.24 97.28 96.38 96.90 97.67 97.71 97.96 97.18 97.12 96.86 97.77 97.78

Si 2.0182 2.0124 1.9875 2.0679 2.0346 1.9935 1.9901 2.0242 2.0512 2.0375 2.0078 2.0252
Al 0.0000 0.0000 0.0125 0.0000 0.0000 0.0065 0.0099 0.0000 0.0000 0.0000 0.0000 0.0000
Al 0.1096 0.1092 0.1070 0.0385 0.0666 0.1232 0.1175 0.0702 0.0317 0.0491 0.0951 0.0766
Ti 0.0014 0.0000 0.0000 0.0000 0.0005 0.0012 0.0007 0.0022 0.0003 0.0030 0.0008 0.0016
Cr 0.0014 0.0000 0.0023 0.0011 0.0011 0.0026 0.0014 0.0016 0.0002 0.0012 0.0011 0.0004
Fe* 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Fe?* 0.3337 0.3422 0.3507 0.3194 0.3492 0.3344 0.3280 0.3415 0.3120 0.3414 0.3426 0.3323
Mn 0.0056 0.0069 0.0074 0.0056 0.0062 0.0043 0.0070 0.0067 0.0059 0.0061 0.0057 0.0059
Mg 0.9434 0.9497 0.9509 0.9712 0.9492 0.9510 0.9520 0.9678 1.0159 0.9667 0.9480 0.9654
Ca 0.5051 0.5048 0.5205 0.5109 0.5208 0.5134 0.5276 0.5201 0.5158 0.5291 0.5337 0.5237
Na 0.0190 0.0189 0.0246 0.0067 0.0124 0.0207 0.0232 0.0105 0.0064 0.0091 0.0196 0.0117
K 0.0046 0.0061 0.0065 0.0021 0.0039 0.0055 0.0049 0.0054 0.0027 0.0019 0.0051 0.0052

Wo 28.34 28.09 28.56 28.36 28.63 28.54 29.19 28.43 27.98 28.80 29.25 28.75
n 52.94 52.86 52.19 53.91 52.18 52.87 52.67 52.90 55.10 52.62 51.97 53.00
Fs 18.72 19.04 19.25 17.73 19.19 18.59 18.14 18.67 16.92 18.58 18.78 18.25
Mg” 73.87 73.51 73.05 75.25 73.11 73.98 74.38 73.92 76.51 73.90 73.45 74.39
Cr* 1.23 0.03 1.92 2.83 1.61 1.94 1.10 2.19 0.66 2.31 1.10 0.46
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Continued Table 1-2
5 JC13-3 JC13-3 JC13-6 JC13-6 JC13-6 JC13-6 JC13-6 JC13-6 JC13-6 JC13-6 JC13-6 JC13-6
SiO, 55.00 53.72 53.75 53.84 52.78 53.41 53.17 53.05 54.07 53.81 53.24 53.34
TiO, 0.06 0.03 0.01 0.04 0.02 0.03 0.00 0.11 0.00 0.05 0.01 0.05
AL O3 1.33 2.35 2.23 1.96 3.15 2.34 2.26 2.31 1.80 2.04 2.30 2.66
Cry,04 0.00 0.00 0.12 0.10 0.36 0.35 0.05 0.01 0.00 0.00 0.22 0.15
FeO 10.31 10.51 11.82 11.88 12.38 11.53 12.61 12.25 11.35 11.58 11.90 11.91
MnO 0.17 0.19 0.28 0.21 0.23 0.19 0.25 0.24 0.22 0.25 0.23 0.25
MgO 17.66 16.84 16.47 16.43 15.63 16.33 16.04 16.50 16.84 16.63 16.11 15.95
CaO 12.91 12.97 12.54 12.38 12.86 12.75 12.59 12.58 12.99 13.18 12.66 12.94

Na,O 0.12 0.28 0.26 0.15 0.29 0.20
K,O 0.04 0.11 0.07 0.04 0.10 0.09
NiO 0.04 0.03 0.01 0.02 0.06 0.00
97.21

Total 97.63 97.03 97.55 97.05 97.86

Si 2.0433 2.0155 2.0155 2.0270 1.9848 2
Al 0.0000 0.0000 0.0000 0.0000 0.0152 0
Al 0.0581 0.1037 0.0985 0.0871 0.1244 0
Ti 0.0017 0.0008 0.0003 0.0011 0.0005 0
Cr 0.0000 0.0000 0.0035 0.0028 0.0107 O.
Fet 0.0000 0.0000 0.0000 0.0000 0.0000 O
Fet 0.3259 0.3345 0.3761 0.3805 0.3941 0
Mn 0.0053 0.0060 0.0087 0.0066 0.0074 0
Mg 0.9783 0.9418 0.9209 0.9222 0.8759 0
Ca 0.5139 0.5215 0.5040 0.4996 0.5182 0.
Na 0.0083 0.0202 0.0191 0.0110 0.0213 0.
K 0.0020 0.0053 0.0031 0.0019 0.0047 0.
Wo 28.27 29.01 27.98 27.72 28.98

En 53.81 52.39 51.13 51.17 48.98

Fs 17.92 18.60 20.88 21.11 22.04
Mg* 75.01 73.79 71.00 70.79 68.97

Cr” 0.00 0.00 3.43 3.15 7.10 9.02

0103
.0000
.3683
-006 0
L9160
5138
0147
004 1
28.57
50.94
20.48
71.32

0.14 0.12 0.18 0.14 0.25 0.23
0.07 0.08 0.08 0.14 0.10 0.09
0.00 0.00 0.05 0.00 0.03 0.01

97.19 97.25 97.58 97.81 97.04 97.56
L0096 2.0098 2.0012 2.0244 2.0139 2.0110 2.0038
.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1036  0.1008 0.1028 0.0795 0.0898 0.1023 0.1176
L0009 0.0000 0.0031 0.0000 0.0013 0.0003 0.0014
0.0016 0.0003 0.0000 0.0000 0.0065 0.0045
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.4039 0.3912 0.3604 0.3673 0.3810 0.3796
0.0079 0.0076 0.0070 0.0080 0.0073 0.0080
0.9035 0.9279 0.9400 0.9278 0.9073 0.8931
0.5100 0.5086 0.5211 0.5284 0.5123 0.5208
0.0104 0.0086 0.0134 0.0098 0.0182 0.0164
0.0036 0.0037 0.0036 0.0066 0.0048 0.0042
28.06 27.83 28.61 28.98 28.45 29.04
49.72 50.77 51.61 50.88 50.39 49.80
22.22 21.40 19.78 20.14 21.16 21.17
69.11 70.34 72.29 71.64 70.42 70.17

1.54 0.32 0.00 0.00 5.98 3.70

e S BTN ERA Ay [ b R A e b TR B A T L 6 AN SRR RO FEE: Mg® =100 X Mg/[Mg+ Fe?* 1, Cr® =100 X Cr/
[Cr+All, Wo=100X Ca/[Ca+ Mg+ Fe** 1, En=100 x Mg/[Ca+ Mg+ Fe?* 1, Fs=100 X Fe** /[Ca+ Mg+ Fe?* 1.

FANERET SIS AL A R A
JE Pk, PRI Si R AL T A 7 B 3 2R AL s 1Y
J6# (Le Bass 1962; Leterrier et al.» 1982; Sun and
Bertands 19915 #M % 8, 1994; Seyler and Bonattis
1994; BEZRBESE, 1996). HAKIM &, FopbiEA ALY
)& R T A R P R R R, s b Sioss A
ANV, 385 BSG BRRRHRE A £ 2 N DU AR 7 ST A2
AV HEN DU TR AL B 78I Si AN 2 518 1 25 sk, 1 DY
AR E AN AT SiBAR BT 3 B FL s AN P-4, )2
NN O | B Wl DN AN TR N A e R
(Campbell and Borley, 1974; Hode et al., 1988; ji%
RAEE, 20110 I 1 AL ARV 4R 2 5
FpbEEA AIVE F, SRR RS I A R A
BEA KON S AR, X 5 BRDE A & Sio, 11k
ALO; HIRHIE— 5.

Zr EFTIR, B RIRE AT IR R 43 R I 3R B 4 R K
FREE SN R AN B BT 2 R R
4.2 BREGBEREX

WG Putirka 552003 )4 Hi IR 41— 140 s 1
VT SRR SRR A Y B R ), 45 3
W 3 MIE 11a. & 7F MK PR A B R IR B2
B A F1252~1351°C, I 18, 49 1.31~2.25
GPa, M NVIR BN 43.2~74.3 kme 7340, R M A
FS 53 S5 2 R A CIEL LI Al o, SRR A 1) T B Ui S
AT I 220 1250 ~ 1300C , 5 K H5 Putirka %5
(2003 )it 5 AU BEAH 1

BRI S KA E S AT W, i A
S o T4 R ), Bt DASRORERE AT T 4 i R T A
RE ST KA R R 4. iy prid, o
TEAT T BGHR BEZ R 1 250~ 1 350°C , 123 5 15 3t el
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Table 2 Chemical composition of plagioclase in the Jinche gabbro
P JC13-5 JC13-5 JC13-5 JC13-5 JC13-5 JC13-3 JC13-3 JC13-3 JC13-3 JC13-3 JC13-3
SiO, 68.35 68.02 66.30 68.15 67.81 67.18 67.33 67.68 66.76 67.50 66.75
TiO, 0.00 0.00 0.06 0.00 0.03 0.01 0.00 0.00 0.00 0.00 0.00
ALO; 19.96 19.82 20.46 19.71 20.01 20.39 19.45 20.37 20.38 19.75 20.67
Cry,05 0.00 0.03 0.04 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.03
FeO 0.10 0.01 0.75 0.10 0.11 0.09 0.10 0.02 0.03 0.00 0.03
MnO 0.00 0.04 0.05 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00
MgO 0.00 0.00 0.76 0.00 0.00 0.07 0.10 0.00 0.00 0.01 0.00
CaO 0.56 0.70 0.97 0.45 0.52 1.68 1.61 1.40 1.60 1.48 1.45
Na,O 10.90 11.11 9.87 11.18 11.07 10.41 10.34 10.54 10.63 10.27 10.48
K,O 0.11 0.15 0.15 0.06 0.14 0.09 0.09 0.09 0.10 0.08 0.08
NiO 0.02 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.04 0.00 0.00
Total 100.01 99.88 99.42 99.69 99.70 99.96 99.02 100.12 99.53 99.09 99.49
Si 2.9842 2.978 6 2.9551 2.9872 2.9745 2.9473 2.9785 2.956 4 2.9407 2.9753 2.9374
Al 1.0273 1.0229 1.0750 1.0183 1.0346 1.054 1 1.0138 1.048 6 1.0578 1.0257 1.0718
Ca 0.0261 0.0326 0.0463 0.0213 0.0245 0.0791 0.0763 0.0653 0.0753  0.0700  0.068 4
Na 0.9229 0.9434 0.8533 0.950 2 0.9413 0.8853 0.886 9 0.8927 0.908 0 0.8774 0.8938
K 0.006 3 0.008 5 0.008 6 0.0035 0.0079 0.0051 0.0049 0.0052 0.0055 0.004 5 0.004 3
Ba 0.0000 0.0000 0.0000 0.0000 0.000 0 0.000 0 0.000 0 0.0000 0.0000 0.0000 0.000 0
An 2.73 3.31 5.10 2.19 2.51 8.15 7.88 6.78 7.61 7.35 7.08
Ab 96.61 95.83 93.95 97.45 96.67 91.31 91.61 92.68 91.83 92.17 92.47
Or 0.66 0.86 0.95 0.36 0.82 0.53 0.51 0.54 0.56 0.47 0.45
TS JC13-3 JC13-3 JC13-3 JC13-3 JCI3-3 JC13-3 JC13-3 JC13-3 JC13-6 JC13-6 JC13-6
SiO, 66.33 66.90 65.78 67.99 67.82 66.63 66.68 66.52 67.63 67.38 66.73
TiO, 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ALO; 20.46 19.67 20.69 19.47 19.96 20.24 20.36 20.76 20.00 19.74 20.35
Cr05 0.00 1.74 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02
FeO 0.03 0.02 0.06 0.05 0.06 0.05 0.08 0.19 0.06 0.03 0.10
MnO 0.01 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 0.03 0.00
MgO 0.02 0.00 0.02 0.02 0.01 0.00 0.00 0.01 0.00 0.04 0.02
CaO 1.63 1.29 1.89 0.29 0.65 1.39 1.41 1.59 0.70 0.69 1.24
Na,O 10.34 10.25 10.40 11.44 11.00 10.59 10.54 10.57 11.06 11.20 10.67
K,O 0.09 0.14 0.11 0.11 0.11 0.16 0.12 0.10 0.19 0.18 0.13
NiO 0.01 0.00 0.00 0.00 0.02 0.01 0.01 0.01 0.00 0.00 0.00
Total 98.91 100. 00 98.95 99.37 99.62 99.06 99.23 99.77 99.66 99.30 99.26
Si 2.9374 2.9738 2.9187 2.990 8 2.9753 2.946 8 2.9447 2.9279 2.969 4 2.9721 2.9463
Al 1.0678 1.0303 1.0819 1.009 6 1.0319 1.054 8 1.0595 1.076 9 1.0349 1.026 1 1.0589
Ca 0.077 1 0.0616 0.089 6 0.0134 0.030 4 0.0657 0.066 5 0.0752 0.0330 0.0327 0.058 6
Na 0.8880 0.8830 0.8943 0.9755 0.9359 0.907 9 0.902 6 0.9017 0.9411 .9579 0.9133
K 0.0050 0.0077 0.006 1 0.0059 0.006 3 0.009 1 0.0069 0.0055 0.0104 0.0100 0.007 4
Ba 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
An 7.95 6.47 9.05 1.35 3.13 6.69 6.82 7.65 3.35 3.27 5.99
Ab 91.54 92.72 90.34 98.06 96.23 92.39 92.48 91.79 95.59 95.74 93.26
Or 0.51 0.81 0.61 0.59 0.64 0.92 0.70 0.56 1.05 1.00 0.76

TE e AT v [ 3t SR B BT S0 s FHES T B vh ST L 6 AN T U0 SR

Wi 55 AH 24 (1 280 ~ 1 350°C » Mckenzie and Bickle,
1988), 55 Ak, BLRHE 47 45 AT R T30k 1.31~2.25
GPa, XV VR EE N 43.2 ~ 743 km, 76 1% IR £ 3K
Pel b 18 ] A AR ek s % Al ( Mckenzie and Bickles
1988) . Kk, 4 ZE R A mT R Y T 4K AL el b g v

T8CZT 74 k), A2 PR Vel W 5 I 2B e s 445

=4 o
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Table 3 ' Clinopyroxene-melt equilibrium temperatures
and pressures

5 t/C p/GPa D/km
JC13-5-1 1291 1.40 46.2
JC13-5-2 1283 1.31 43.23
JC13-1-1 1308 1.88 62.04
JC13-12 1285 1.58 52.14
JC13-1-3 1288 1.65 54.45
JC13-1-4 1316 1.94 64.02
JC13-1-5 1320 2.07 68.31
JC13-1-6 1308 1.85 61.05
JC13-1-7 1327 2.03 66.99
JC13-1-8 1351 2.25 74.25
JC13-1-9 1320 1.98 65.34
JC13-1-10 1286 1.63 53.79
JC13-1-11 1304 1.80 59.4
JC13-1-12 1272 1.43 47.19
JC13-1-13 1344 2.17 71.61
JC13-1-14 1324 1.97 65.01
JC13-1-15 1277 1.45 47.85
JC13-1-16 1279 1.45 47.85
JC13-1-17 1277 1.51 49.83
JC13-1-18 1285 1.48 48.84
JC13-1-19 1285 1.54 50.82
JC13-1-20 1275 1.46 48.18
JC13-1-21 1284 1.55 51.15
JC13-1-22 1293 1.65 54.45
JC13-3-1 1310 2.01 66.33
JC13-32 1289 1.72 56.76
JC13-3-3 1277 1.59 52.47
JC13-3-4 1252 1.38 45.54
JC13-3-5 1277 1.49 49.17
JC13-3-6 1276 1.49 49.17
JC13-3-7 1283 1.62 53.46
JC13-3-8 1282 1.54 50.82
JC13-3-9 1281 1.59 52.47
JC13-3-10 1267 1.48 48.84
JC13-3-11 1273 1.51 49.83

¥ 1 GPa XN 3% 33 km 115 .
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F, diagram (a, after Nisbet and Pearce; 1977) and Ti -(Ca+ Na) diagram of clinopyroxene

(bs after Leterrier et al.> 1982)

WPT—HR A HBE X il s

WPA—R A Bl M %

ZAs OFB— R L s

WPT—intraplate tholeiitic basalt; WPA—intraplate alkali basalt; VAB—volcanic arc basalt; OFB—ocean floor basalt

Fi= —0.012(Si0,) — 0.080 7CTiO,) + 0.002 6 (ALO;) —
(Na,O); F, =

0.001 2CFeO™) = 0.002 6(MnO) + 0.008 7(MgO) + 0.012 8(CaO) — 0.041 9
—0.046 9(Si0,) —0.081 8(TiO,) —0.021 2(ALO;) = 0.004 1(FeO) —0.143 5(MnO) — 0.002 9(MgO) +0.008 5(Ca0) +

0.016(Na,O)

(3) Al BT 73 0 R A T B Bl R0 i )
3941 250~ 1 350°C Fl 1.31~2.25 GPa, X R
M 43.2-74.3 kms

(4) FEAG IR b IX 4 25 W5 K 5 g SR R A o
B2l AR T A P g, HR N T RE S AT
SN R T B R A R A R R A G

B RGP E R A R MR AR R BT TR
AR T RS ZIFEIEF AW B, Bt F A AT
IREHETENL!

References

Campbell I H and Borley G D. 1974. The geochemistry of pyroxenes
from the lower layered series of the Jimberlana intrusion, Western
Aust ralial ] J. Contributions to Mineralogy and Petrology, 47: 281
~297.

Faure M Shu L S, Wang B, et al. 2009. Intracontinental subduction:
a possible mechanism for the Early Palacozoic Orogen of SE China
[1]. Terra Nova, 21(5): 360~ 368.

Gao Linzhi,» Chen Jun, Ding Xiaozhong, et al. 2011. Zircon SHRIMP

U-Pb dating of the tuff bed of Lengjiaxi and Banxi groups, north-

eastern Hunan: constrsins on the Wuling Movementl ] ]. Geological

Bulletin of China, 30: 1001~ 1008Cin Chinese with English ab-
stract).

Gao S; Ling W Qiu 'Y et al. 1999. Contrasting geochemical and Sm-
Nd isotopic compositions of Archean metasediments from the
Kongling high-grade terrain of the Yangtze craton: Evidence for
cratonic evolution and redistribution of REE during crustal anatexis
[J]. Geochimica et Cosmochimica Actas 63: 2 071~2 088.

Ge Wenchun, Li Xianhua, Li Zhengxiang, et al. 2001. Maficintrusion-
sin Longsheng area: age and its geological implications ] ]. Chinese
Journal of Geology, 36(1): 112~118Cin Chinese with English ab-
stract).

Guo Lingzhi> Lu Huafu, Shi Yangshen, ez al. 1996. On the meso-neo-

proterozoic Jiangnan island arc: its kinematics and dynamics[ ] J.

Geological Journal of Universitiess 2(1): 1~ 13Cin Chinese with
English abstract).

Guo Lingzhi, Shi Yangshen and Ma Ruishi. 1980. The geotectonic
framework and crustal evolution of South Chinal AJ. Scientific Pa-
per on Geology for International Exchangel CJ. Beijing: Geological
Publishing House, 109~ 116Cin Chinese with English abstract).

Hode V J» Halenius U, Whitehouse M ] et al. 1988. Compositional

variations (major and trace elements) of clinopyroxene and Ti-an-



5513

TERA G

TP 3 Ly 7 B A e I M X < e A AT A 20 % L i e X 33

dradite from pyroxenites ijolite and nepheline syenite, Alno Island,
SwedenlJ]. Lithos, 81: 55~77.

Hu Shouxi and Ye Ying. 2006. Questions to “Cathaysia Old Land”,
“CathaysiaBlock ” and “ United Yantze-Cathaysia Old Land” of
South China Geologicall ] 1. Journal of ChinaUniversities, 12(4):
432~439(in Chinese with English abstract).

Kou Cathua, Liu Yanxue» Zhang Heng, et al. 2016. Geochronology and
geochemistry of Neoproterozoic ultrabasic rocks from the Tongdao area
in western Hunan Province; western segment of Jiangnan Orogen Belt,
and constraints on their sources ] J. Acta Petrlogica et Mineralogic, 35
(6): 947~964(in Chinese with English abstract).

Kou Caihuas Liu Yanxue, Zhang Heng, et al. 2017. Mineralogy of
clinopyroxene of the the Changjie olivine pyroxenolite in the Tong-
dao area in western Hunan Province and its geological significances
[J]. Geology Review(in press, in Chinese with English abstract).

Kou Caihua; Zhang Zhaochong, Liao Baoli> et al. 2011. Mineralogy of
clinopyroxene of the Jianchuan picritic porphyrite in western Yun-
nan province and its geological significances J]. Acta Petrlogica et
Mineralogic, 30: 449 ~462(in Chinese with English abstract).

Le Bas M J. 1962. The role of aluminum in igncous clinopyroxenes with
relation to their parentagel J ]. American Journal of Science, 260:
267~288.

Leterrier J» Maury R Cs Thonon P et al. 1982. Clinopyroxene compo-
sition as @ method of identification of the magmatic affinities of pale-
o-volcanic setiesL ] ]. Earth and Planetary Science Letters, 59: 139
~154.

Li X H. 1999. U-Pb zircon ages of granites from the southern margin of
the Yangtze Block: timing of Neoproterozoic Jinning: Orogeny in
SE China and implications for Rodinia Assemblyl]]. Precambrian
Research, 97(1): 43~57.

LiXH LiWX, Li ZX, et al. 2009. Amalgamation between the
Yangtze and Cathaysia Blocks in South China: constraints from
SHRIMP U-Pb zircon ages, geochemistry and Nd-Hf isotopes of
the Shuangxiwu volcanic rocks[ ] J. Precambrian Research, 174
(D: 117~128.

Li XH, LiZ X, Zhou HW, et al. 2003. SHRIMP U-Pb zircon age,
geochemistry and Nd isotope of the Guandaoshan pluton in SW
Sichuan: Petrogenesis and tectonic significance [ J]. Science in Chi-
na (Series D), 46: 74~83.

Li XH, Zhu W G Zhong H> ez al. 2010. The Tongde Picritic Dikes in
the Western Yangtze Block: Evidence for Ca. 800-Ma Mantle

Plume Magmatism in South China during the Breakup of Rodinia

[J]. The Journal of Geology, 118(5): 509~522.

Li ZX, Li X H, Kinny PDs et al. 1999. The breakup of Rodinia: did
it start with a mantle plume beneath South China? [J]. Earth and
Planetary Science Letters, 173: 171~181.

LiZX, Li X H, Kinny P D, et al. 2003. Geochronology of Neopro-
terozoic syn-rift magmatism in the Yangtze Craton, South China
and correlations with other continents: evidence for a mantle super-
plume that broke up Rodinial ] ]. Precambrian Research, 122: 85
~109.

Li Z X, Zhang L H and Powell C M. 1995. South China in Rodinia:
part of the missing link between Australia-East Antarctica and Lau-
rentia? [J]. Geology, 23(5): 407~410.

Lindsley D H. 1983. Pyroxene thermometrylJ]. American Mineralo-
gist, 68: 477~493.

Mckenzie D and Bickle M J. 1988. The volume and composition of melt
generated by extension of the lithosphere[ J1. Journal of Petrology,
29: 625~ 679.

Morimoto N, Fabries J» Ferguson K, ef al. 1988. Nomenclature of py-
roxenesl J . Mineralogy and Petrology, 39 (1): 55~76.

Nisbet E G and Pearce ] A. 1977. Clinopyroxene composition in mafic
lavas from different tectonic settingsl J 1. Contributions to Mineral-
ogy and Petrology, 63(2): 149~160.

Putirka K D, Mikaelian H, Ryerson F» et al. 2003. New clinopyroxene
liquid thermobarometer for mafic, evolved; and volatile-bearing la-
va composition, with applications to lavas from Tibet and Snake
River Plains Idaho[ JJ]. American Mineralogists 88: 1542 ~
1554.

Qiu Jiaxiang and Liao Qun’ an. 1996. Petrogenesis and Cpx mineral
chemistry of Mineral Resources[ J]. Volcanology & Mineral Re-
sourcess 17: 16~25 (in Chinese with English abstract).

Seyler M and Bonatti E. 1994. Na, AI" and A" in clinopyroxenes of
subcontinental and suboceanic ridge peridotites: a clue to different
melting processes in the mantle? [J]. Earth Planet Science Letter,
122: 281~289.

Shu Liangshu. 2012. An analysis of principal features of tectonic evolu-
tion in South China Block[]J]. Geological Bulletin of China, 31
(7): 1035~1 053Cin Chinese with English abstract).

Shu L' S, Faure Ms Yu ] Hs et al. 2011. Geochronological and geo-
chemical features of the Cathaysia block (South China): New evi-
dence for the Neoproterozoic breakup of Rodinial ] ]. Precambrian
Research, 187: 263~276.

Simith J V and Brown W L. 1974. Feldspar MineralsL M 1. Germany:



34

ME
™
=
&

»2,

% 36 &

Ju ok
b2 ST

Springer-Ver-lag, 1~690.

Streck M J. 2008. Mineral textures and zoning as evidence for open sys-
tem processesL ] 1. Reviews in Mineralogy and Geochemistrys 69:
595~622.

Sun Chuanmin. 1994. Genetic mineralogy of pyroxenes from Yanbian
Proterozoic ophiolites (Sichuan, China), and its geotectonic impli-
cationsl ] 1. Journal of Mineralogy and Petrologys 4: 1~15Cin Chi-
nese with English abstract).

Sun C M and Bertrand J. 1991. Geochemistry of clinopyroxenes in plu-
tonic and volcanic sequences from the Yanbian Proterozoic ophiolites
(Sichuan Provinces China): Petrogenetic and geotectonic implica-
tions[ ] . Schweiz Mineralogische PetroloischeMitteilungens 71:
243~259.

Wang X L, Zhao G C; Zhou J Cs et al. 2008. Geochronology and Hf
isotopes of zircon from volcanic rocks of the Shuanggiaoshan
Groups South China: Implications for the Neoproterozoic tectonic
evolution of the eastern Jiangnan orogen[ J]. Gondwana Research,
14: 355~367.

Wang X L, Zhou J C, Griffin W L, et al. 2014. Geochemiical zonation
across a Neoproterozoic orogenic belt: Isotopic evidence from grani-
toids and metasedimentary rocks of the Jiangnan orogen, Chinal J].
Precambrian Research, 242: 154~171.

Wang Xiaolei, Zhou Jincheng, Qiu Jianshengs et al. 2003. Geochem-
istry of the Meso-Ncoproterozoic volcanic-intrusive rocks from Hu-
nan Province and its petrogenic significances[ J 1. Acta Petrotogica
Sinicas 19(1): 49~60Cin Chinese with English abstract).

WuR X, Zheng Y F» Wu Y B, et al. 2006. Reworking of juvenile
crust: Element and isotope evidence from Neoproterozoic granodi-
orite in South ChinalJ]. Precambrian Research, 146: 179~212.

Xia Bin. 1984. A study on geochemical characteristic and emplaced style
of two different ophiolites of later Proterzoic Xuefeng stage in the
Longsheng regions, Guangxi Southeast Chinal ] ]. Journal of Nan-
jing University (Natural Sciences); 3: 554 ~566(in Chinese with
English abstract).

Xue Huaimin, Ma Fang, Song Yongqin, et al. 2010. Geochronolo-
gyand geochemisty of the Neoproterozoic granitoid association from
eastern segment of the Jiangnanorogen, China: Constraints on the
timingandprocess of amalgamation between the Yangtze and-
Cathaysiablocksl J 1. Acta Petrologica Sinica, 26 (11): 3215~
3244(in Chinese with English abstract).

Yan Q R, Hanson A D, Wang Z Q; et al. 2004. Neoproterozoic sub-

duction and rifting on the northern margin of the Yangtze Plate,

China: implications for Rodinia reconstructionl J ]. International
Geology Review, 46(9): 817~832.

Yao ] L, ShuL S, Santosh M» et al. 2013. Geochronology and Hf iso-
tope of detrital zircons from Precambrian sequences in the eastern
Jiangnan Orogen: Constraining the assembly of Yangtze and
Cathaysia Blocks in South ChinalJ]. Journal of Asian Earth Sci-
ences, 74(2): 225~243.

Yao ] L, Shu L' S, Santosh M, et al. 2014. Neoproterozoic arc-related
mafic-ultramafic rocks and syn-collision granite from the western
segment of the Jiangnan Orogen, South China: Constraints on the
Neoproterozoic assembly of the Yangtze and Cathaysia Blocksl ] J.
Precambrian Research, 243: 39~62.

YuJ] H, Wang L J, O’Reilly, ez al. 2009. A paleoproterozoic orogeny
recorded in a long-lived crationic remnant ( Wuyishanterrane ),
eastern Cathaysia Block, Chinal J]. Precambrian Research, 174:
347~363.

Zhang Chunhong, Fan Weiming, Wang Yuejuns et al. 2009.
Geochronology and Geochemistry of the Neoproterozoic Mafic-Ul-
tramafic Dykes in the Aikou Area, Western Hunan Province: Pet-
rogenesis and ItsTectonic Implications[ J]. Geotectonicaet Metallo-
genia, 33(2): 283~293(in Chinese with English abstract).

Zhang SBs Zheng Y F» Zhao Z Fs et al. 2008. Neoproterozoic anatexis
of Archean lithosphere: Geochemical evidence from felsic to mafic
intrusions at Xiaofeng in the Yangtze Gorge, South ChinalJ]. Pre-
cambrian Research, 163: 210~238.

Zhao G C and Cawood P A. 1999. Tectonothermal evolution of the
Mayuan Assemblage in the Cathaysia Blocks: implications for Neo-
proterozoic collision-related assembly of the South China Craton
[J]. American Journal of Science, 299(4): 309~339.

Zheng Y F» WuRX; WuY Bs et al. 2008. Rift melting of juvenile arc
~ derived crust: Geochemical evidence from Neoproterozoic vol-
canic and granitic rocks in the Jiangnan Orogen, South Chinal]].
Precambrian Research, 163: 351 ~383.

Zhong J» Chen Y J and Pirajno F. 2016. Geology, geochemistry and
tectonic settings of the molybdenum deposits in South China: A re-
viewl ] ]. doi: 10.1016/j. oregeorev. 2016.04.012.

Zhou ] B, Li X Hs Ge W C; et al. 2007. Age and origin of middle Neo-
proterozoic mafic magmatism in southern Yangtze Block and rele-
vance to the break-up of Rodinial J . Gondwana Research, 12:
184~197.

Zhou Jibin. 2006. Age and Origin of Neoproterozoic mafic magmatism in

northern Guangxi-western Hunan: in response to the bresk-up of



5513

TERAAAE : TR IE L7 7Y BORE L I X < AW T A 2 0 9

HoHb iz X 35

Rodinia? [D]. Guangzhou Institute of Geochemical, Chinese A-
cademy of Geological Sciences (in Chinese with English abstract).

Zhou ] C; Wang X L and QiuJ S et al. 2004. Geochemistry of Meso-
and Neoproterozoic mafic-ultramafic rocks from northern Guangxi»
China: Arc or plume magmatism? []]. Geochemical Journal » 38:
139~152.

Zhou J C, Wang X L and Qiu J S. 2009. Geochronology of Neoprotero-
zoic mafic rocks and sandstones from northeastern Guizhou, South
China: Coeval arc magmatism and sedimentation J . Precambrian

Research, 170: 27~42.
Bt R 32 5 % 3Tk

MR, BRI, T,
BEAEER 4 SHRIMP %5 f1 U-Pb 4F
[J1. M@z, 30: 1001—1008.

AR, WA, ARIERE, &L 2001, BMEMLIX BB MR AR R

FHH e LY 1. MR, 36(1): 112~118.

AR, RS, Y, S 1996. VLR T B AR IR 2 B)

FRBN S]], R R, 2C1): 1 -13.

B AR, T 1980, HE RO IE R AN S AL AL

26 S E BRI TR 2 16 CRCDICT. dbs

116.

W E, ik B 2006, BB A B I AR B
Wi G5 — AR P A TR 1. A B 2R, 12034 432~439.

16, 45, 2016. VTG LAY 7 B e i i e X

S, 2011, WAAR AL BH b X A SR AT
W——xf 1 B2 38 2 1 i 41

4

: Hb R R AL, 109~

ERAL, X, gk

BTG A B M2 A AR AR 2 R A BRI X 11

ARI]. ARTWIRE, 35(6): 947~964.

H, 5. 2017, WV 38 1 XA SO M A 2
ARV AT ) SR HE R R LT D BB R AR
RERAL, IKIHGE, B, 2. 2011, BSOS # b A A
IR B FE M T LT ). a0 e e ik, 30: 449~

462.

TSGR, B, 1996. HTlRH A X B 1A A kK 2% 5 Cpx ™
W] KBRS =, 17: 16~25.

FTRW. 2012, HRI AL AL I EEARFAEL ] ], s FOE R, 31(7):
1035~1053.

FMERL. 1994, VU1 ERI G i AQ S0 S HOFE AT (1) JR KR 2 B L K
Mg X s A, 14: 1-15.

L, e, WA, 4. 2003, RS- ARKOL-R A S
HuERAL A AR LY. B AR, 1901 49~60.

Hoak. 1984 7 PU IR TE AR TR A R] B R e S A L BR AL 2
FeAZ A AR ). M KEE AR, 30 554~566.

BRRG, T J5, SOk, 25, 2010, VLRI L K BORC AR K
FULA R R ER L. W 15 56 B et & i) 55 1
AR ], HA%M, 26(11): 3215~3244.

WKL, YUY, FIRZ, 5. 2009. TR FOB G AR AL
B AL G HE A N R IR R ] Kt
AT, 33(2): 283~293.

JAGRME . 2006. AL PG BT o dARBRER TUS R N AR s R ——
X Rodinia K BERAR R D], A A28 JH Bk Ak 2
T

ERAL, M, K





