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Fig. 1 The geological map of Jiangnan Orogen Belt (modified from Zhou Weijian et al. , 2022)
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Fig. 2 The geological map of Huaihua diabase ( modified after Hou Qi et al. , 2022)
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3 WP IRMEIESE : (a) | (b) BUASRAT ML 1 2hEE 3k 5 (¢) DO06-H1 FArA B
(d) .(e)D006-HI 55 FIBH; (1) DO14-H1 FHRAIBH; (g) .(h)DO14-H1 55 F IR A
Fig. 3 Huaihua diabase, Western Hunan: (a) and (b) photographs of the Huaihua diabase in the field outcrop; (c¢) photographs
of the hand specimen D006-H1; (d) and (e) photomicrographs of D006-H1; (f) photographs of the hand specimen DO14-H1;

(g) and (h) photomicrographs of DO14-H1
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Bu—diabase dyke; Pt;z—Zhuanqgiangwan Formation; Chl—chlorite; Pl—plagioclase; Px—pyroxene; Urt—uralite; Bt—Dbiotite
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Fig. 4 Discriminant diagram for the pyroxenes from Huaihua diabase, western Hunan: (a) Binary discriminant

diagram; (b) Wo—En—Fs discriminant diagram ( after Morimoto, 1988)
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Table 1 Test results of major elements ( %) and trace elements (x10™°) of pyroxene
IS 3-1 32 | 33 | 34 | 36 | 37 | 39 | 3-10 | 3-11 | 3-12 | 3-15 | 3-16 | 3-5 | 3-8 | 3-13 | 3-14
Sio, 51.19 | 51.63 | 51.43 | 51.18 | 52.20 | 51.20 | 50.93 | 51.34 | 51.35 | 50.77 | 51.44 | 48.88 | 49.62 | 50.60 | 48. 11 | 48.83
Tio, 1.60 | 1.66 | 1.78 | 1.63 | 1.52 | 1.65 | 2.02 | 1.57 | 1.74 | 1.90 | 1.51 | 2.69 | 1.96 | 2.41 | 2.94 | 2.40
Al, 04 2.61 | 3.13 | 3.44 | 2.84 | 2.81 | 3.04 | 3.66 | 2.74 | 3.09 | 3.39 | 2.64 | 4.87 | 4.97 | 4.63 | 5.44 | 4.80
FeO" 8.00 | 7.73 | 6.95 | 7.67 | 7.99 | 7.75 | 7.44 | 8.17 | 7.74 | 8.51 | 8. 11 | 8.37 | 6.77 | 7.23 | 8. 11 | 8.40
MnO 0.19 | 0.17 | 0.13 | 0.12 | 0.20 | 0.23 | 0.18 | 0.17 | 0.20 | 0.21 | 0.20 | 0.20 | 0.12 | 0.17 | 0.18 | 0.16
MgO 15.02 | 14.82 | 15.28 | 15.19 | 15.04 | 14.85 | 14.88 | 14.76 | 14.66 | 14.54 | 14.97 | 13.55 | 14.56 | 14.21 | 13.60 | 13. 69
Ca0 20.51 | 21.33 | 21.35|20.91 | 20.49 | 21.16 | 21.23 | 20.93 | 20.76 | 20.68 | 20.57 | 21.06 | 21.42 | 21.53 | 20.85 | 21.07
Na, O 0.27 | 0.30 | 0.31 | 0.27 | 0.32 | 0.29 | 0.30 | 0.31 | 0.33 | 0.32 | 0.29 | 0.38 | 0.30 | 0.31 | 0.35 | 0.35
K,O0 0.00 | 0.00 | 0.00 | 0.02 | 0.00 | 0.01 | 0.01 | 0.00 | 0.02 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.00 | 0.01
JoS -y 99.39 |100.77[100. 66| 99. 83 |100. 58 100. 16|100. 65|100. 00| 99. 88 {100. 31| 99.73 |100. 02| 99.71 |101. 11| 99.59 | 99.70
L 6 AU Ay S B AR A1 1) B B AL
Si 1.91 | 1.90 | 1.89 | 1.90 | 1.92 | 1.90 | 1.88 | 1.91 [ 1.90 | 1.88 | 1.91 | 1.82 | 1.84 | 1.85 | 1.80 | 1.83
AL(TIV) 0.09 | 0.10 | 0.11 | 0.10 | 0.08 | 0.10 | 0.12 | 0.09 | 0.10 | 0.12 | 0.09 | 0.18 | 0.16 | 0.15 | 0.20 | 0.17
AL(VI) 0.02 | 0.03 | 0.04 | 0.02 | 0.04 | 0.03 | 0.03 | 0.03 | 0.04 | 0.03 | 0.03 | 0.04 | 0.06 | 0.05 | 0.04 | 0.04
Al 0.11 | 0.14 | 0.15 | 0.12 | 0.12 | 0.13 | 0.16 | 0.12 | 0.14 | 0.15 | 0.12 | 0.21 | 0.22 | 0.20 | 0.24 | 0.21
Ti 0.04 | 0.05 | 0.05 | 0.05 | 0.04 | 0.05 | 0.06 | 0.04 | 0.05 | 0.05 | 0.04 | 0.08 | 0.05 | 0.07 | 0.08 | 0.07
Cr 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Fe** 0.00 | 0.00 | 0.00 | 0.01 | 0.00 | 0.01 [ 0.00 | 0.00 | 0.00 | 0.01 | 0.00 | 0.02 | 0.02 | 0.00 | 0.02 | 0.03
Fe? 0.25 | 0.24 | 0.21 | 0.23 | 0.25 | 0.23 | 0.23 | 0.25 | 0.24 | 0.26 | 0.25 | 0.24 | 0.19 | 0.22 | 0.23 | 0.23
Mn 0.01 | 0.01 | 0.00 | 0.00 | 0O.01 | 0.01 | 0.01 | O.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.00 | 0.01 | 0.01 | 0.01
Mg 0.84 | 0.81 | 0.84 | 0.84 | 0.82 | 0.82 | 0.82 | 0.82 | 0.81 [ 0.80 | 0.83 | 0.75 | 0.81 | 0.78 | 0.76 | 0.76
Ca 0.82 | 0.84 | 0.84 | 0.83 | 0.81 | 0.84 | 0.84 | 0.83 | 0.82 | 0.82 | 0.82 | 0.84 | 0.85 | 0.85 | 0.84 | 0.85
Na 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.03 | 0.02 | 0.02 | 0.03 | 0.03
K 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Wo 42.46 | 43.83 | 43.83 |43.02 | 42.33 | 43.57 | 43.85 | 43.12 | 43.30 | 42.81 | 42.49 | 44.53 | 45.02 | 45.18 | 44.49 | 44.44
En 43.28 | 42.37 | 43.67 | 43.49 | 43.22 | 42.55 | 42.75 | 42.30 | 42.52 | 41.89 | 43.02 | 39.87 | 42.57 | 41.48 | 40.38 | 40. 19
Fs 13.24 | 12.68 | 11.34 | 12.49 | 13.24 | 12.82 | 12.28 | 13.41 | 12.95 | 14.10| 13.40 | 14.14 | 11.29 | 12.15 | 13.78 | 14.06
Ac 1.02 | 1.12 | 1.16 | 1.00 | 1.21 | 1.07 | 1.12 | 1.17 | 1.23 | 1.20 | 1.09 | 1.47 | 1.13 | 1.18 | 1.35 | 1.32
Sc 106.25(102.37|127.05|109. 87|102. 55|114.55|128.82| 88.00 | 97.28 |100. 67| 88.47 [122.57|133.68| 97.69 | 98.50 |119.01
v 640. 531637.03|622.97[563.56|635.58|621.93|624. 80|643.91|587.77|733.59|561. 25|583.41|677.60|557.97|719. 39|783. 52
Cr 40.65 | 76.40 |703.03| 99.64 | 34.26 | 53.78 |706.51| 35.63 | 70.89 | 31.05 | 25.77 | 3397 |775.77|70.78 | 37.78 |103. 80
Co 41.17 | 38.89|39.31 | 36.86 | 36.42 | 41.65 | 41.03 | 43.43 | 35.55 | 36.07 | 36.83 | 35.05 | 38.80 | 34.04 | 35.03 | 35. 11
Ni 114.40(143.84|179.26| 87.52 |148.17|164.92|142.34| 97.01 |137.51|126. 58| 98. 64 |183.08|166.92|112. 38| 89.23 | 86.52
Sr 16.55 | 18.07 | 16.52 | 14.16 | 14.61 | 15.01 | 16.57 | 17.60 | 14.53 | 17.36 | 13.83 | 14.61 | 16.78 | 15.66 | 19.48 | 16. 83
Y 22.89 [21.83 | 17.27 | 18.69 | 22.27 | 21.49 | 16.24 | 23.57 | 16.48 | 26.84 | 20.49 | 14.95 | 19.13 | 17.77 | 32. 19 | 29.58
Zr 69.36 | 67.69 | 57.65 | 57.10 | 74.89 | 70. 11 | 54.67 | 71.54 | 54.93 | 98.86 | 61.88 | 53.43 | 73.63 | 61.33 |129.45|123. 89
Nb 0.32 | 0.20 | 0.22 | 0.25 | 0.20 | 0.32 | 0.24 | 0.28 | 0.22 | 0.49 | 0.19 | 0.22 | 0.40 | 0.23 | 0.57 | 0.66
La 5.12 | 5.18 | 3.68 | 3.88 | 4.93 | 4.53 | 3.79 | 5.83 | 3.88 | 7.16 | 4.71 | 3.04 | 4.27 | 4.02 | 9.52 | 7.80
Ce 19.83(20.20 | 14.64 | 16.06 | 19.98 | 18.16 | 14.21 | 22.27 | 16.71 | 28.01 | 18.17 | 12.53 | 16.85 | 16.40 | 36.23 | 30. 82
Pr 3.63 | 3.46 | 2.63 | 2.91 | 3.62 | 3.23 | 2.55 | 4.06 | 3.07 | 4.96 | 3.34 | 2.19 | 2.94 | 2.80 | 6.01 | 5.55
Nd 20.27 | 19.26 | 14.21 | 16.13 | 20.52 | 18.38 | 12.67 | 23.80 | 15.17 | 26.13 | 18.43 | 13.37 | 16.76 | 17. 18 | 33.69 | 28. 88
Sm 6.16 | 6.85 | 4.33 | 5.35 | 6.36 | 6.00 | 4.92 | 6.19 | 5.39 | 8.18 | 6.36 | 3.71 | 5.45 | 5.58 | 10.06 | 8.24
Eu 1.88 | 1.75 | 1.25 | 1.59 | 1.94 | 1.61 1.54 | 2.09 | 1.50 | 2.38 | 1.75 | 1.28 | 1.54 | 1.46 | 2.68 | 2.24
Gd 6.07 | 6.88 | 5.17 | 5.65 | 7.29 | 6.12 | 4.91 | 6.68 | 5.27 | 8.41 | 5.92 | 4.30 | 5.73 | 5.50 | 10.06 | 8.59
Th 0.93 1 0.93 | 0.76 | 0.84 | 1.02 | 0.98 | 0.64 | 1.02 | 0.80 | 1.22 | 0.80 | 0.64 | 0.81 | 0.77 | 1.43 | 1.31
Dy 5.50 | 5.05 | 4.37 | 4.25 | 5.37 | 5.07 | 3.91 | 5.96 | 3.91 | 6.06 | 4.71 | 3.52 | 4.63 | 4.17 | 7.63 | 7.15
Ho 0.89 | 0.89 | 0.77 | 0.76 | 0.93 | 0.85 | 0.66 | 0.90 | 0.74 | 1.16 | 0.78 | 0.56 | 0.76 | 0.69 | 1.25 | 1.23
Er 2.10 | 2.14 | 1.78 | 1.89 | 2.49 | 2.55 | 1.64 | 2.37 | 1.88 | 2.88 | 2.07 | 1.51 | 1.86 | 1.95 | 3.30 | 3.14
Tm 0.26 | 0.24 | 0.16 | 0.23 | 0.30 | 0.26 | 0.20 | 0.32 | 0.23 | 0.37 | 0.26 | 0.15 | 0.21 | 0.21 | 0.42 | 0.35
Yb 1.75 | 1.68 | 1.36 | 1.33 | 1.69 | 1.78 | 1.23 | 1.73 | 1.16 | 2.16 | 1.52 | 1.33 | 1.37 | 1.23 | 2.31 | 2.64
Lu 0.19 | 0.21 | 0.21 | 0.16 | 0.28 | 0.24 | 0.15 | 0.26 | 0.17 | 0.29 | 0.21 | 0.11 | 0.19 | 0.23 | 0.30 | 0.31
Hf 3.26 | 2.86 | 2.46 | 2.73 | 3.70 | 3.26 | 2.59 | 3.34 | 2.32 | 4.78 | 2.90 | 2.36 | 3.64 | 3.14 | 5.62 | 5.78
Ta 0.03 | 0.05 | 0.04 | 0.03 | 0.05 | 0.03 | 0.02 | 0.04 | 0.04 | 0.06 | 0.03 | 0.06 | 0.06 | 0.05 | 0.14 | 0.15
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= 3-1 3-2 3-3 3-4 3-6 3-7 3-9 3-10 | 3-11 | 3-12 | 3-15 | 3-16 3-5 3-8 3-13 | 3-14
Th 0.03 | 0.05 | 0.03 | 0.03 | 0.05 | 0.03 | 0.04 | 0.05 | 0.03 | 0.08 | 0.04 | 0.04 | 0.04 | 0.03 | 0.09 | 0.12
Zx/Hf | 21.28 | 23.67 | 23.43{20.92 | 20.24 | 21.51 | 21. 11 | 21.42 | 23.68 | 20. 68 | 21.34 | 22.64 | 20.23 | 19.53 | 23.03 | 21.43
Nb/Ta | 11.94 | 4.42 | 5.22 | 9.55 | 4.15 | 11.21 [ 12.66 | 6.53 | 5.76 | 8.45 | 7.21 | 3.77 | 6.49 | 4.65 | 4.14 | 4.55
Y/Ho 25.63 | 24.47 | 22.49 | 24.53 | 24.02 | 25.25 | 24.68 | 26. 10 | 22.27 | 23.22 | 26.37 | 26.84 | 25.10 | 25.61 | 25.83 | 24.09
Ti/Eu 5100 | 5691 | 8556 | 6166 | 4704 | 6149 | 7854 | 4518 | 6956 | 4779 | 5173 | 9187 | 9397 | 12098 | 5368 | 7197
(La/Yb) x| 2.10 | 2.21 | 1.94 | 2.09 | 2.09 | 1.83 | 2.21 | 2.42 | 2.40 | 2.38 | 2.22 | 1.64 | 2.24 | 2.34 | 2.96 | 2.12
t(C) 1080 | 1095 | 1104 | 1087 | 1085 | 1093 | 1112 | 1084 | 1094 | 1104 | 1080 | 1250 | 1253 | 1237 | 1274 | 1248
P(GPa) 0.4 0.4 0.5 0.3 0.3 0.4 0.6 0.3 0.4 0.5 0.3 1.1 1.1 1.0 1.3 1.1
H(km) 13.8 | 14.6 | 18.1 | 11.5 | 10.8 | 13.7 | 20.8 | 10.4 | 14.4 | 17.9 | 9.1 35.6 | 36.5 | 31.8 | 42.6 | 35.0
Mg* 76.99 | 77.35|79.77 | 78.58 | 76.99 | 77.81 | 78.17 | 76.57 | 77.11 | 75.77 | 76.69 | 75.79 | 80.70 | 77.75 | 76. 64 | 76. 89
Ca/Al 7.15 | 6.19 | 5.64 | 6.69 | 6.63 | 6.34 | 5.27 | 6.94 | 6.11 | 5.54 | 7.09 | 3.93 | 3.92 | 4.23 | 3.48 | 3.99

R2ERBFE(%) RMETLE(x107°) MiXER

Table 2 Test results of major elements ( %) and trace elements (x10™°) of Biotite

LR 1-1 1-2 1-3 1-4 1-6 1-7 1-8 | 1-11 | 1-13 | 1-14 | 1-16 | 1-15 | 15 19 | 1-10 | 1-12
Si0, 35.86 | 38.44 | 37.43 | 36.10 | 38.46 | 37.37 | 37.86 | 38.21 | 37.83 | 37.75 | 37.68 | 36.46 | 38.78 | 36. 14 | 37.63 | 38.50
TiO, 0.88 | 1.13 | 1.00 | 0.69 | 0.99 | 0.92 | 1.05 | 0.59 | 1.28 | 1.71 | 0.88 | 2.43 | 4.54 | 4.61 | 4.22 | 3.43
ALO; |12.99 | 13.23 | 13.66 | 13.39 | 13.73 | 13.63 | 13.48 | 13.72 [ 13.45 | 13.16 | 13.44 | 13.19 | 12.83 | 12.95 | 12.55 | 13.09
FeO" |21.99|19.82|20.62 |21.49 | 19.66 | 21.05 | 20. 14 | 19.34 | 20.58 | 19.35 | 20.80 | 20.72 | 16.38 | 19.80 | 17.13 | 16. 40
MnO 0.11 | 0.04 | 0.07 | 0.07 | 0.06 | 0.14 | 0.09 | 0.12 | 0.08 | 0.10 | 0.08 | 0.08 | 0.08 | 0.09 | 0.04 | 0.11
MgO 17.17 [ 17.86 | 18.35 | 18.03 | 17.48 | 18.39 | 17.74 | 18.68 | 17.84 | 17.03 | 17.98 | 16.58 | 18.76 | 16.08 | 17.82 | 18.31
Ca0 0.06 | 0.02 | 0.08 | 0.17 | 0.03 | 0.07 | 0.05 | 0.03 | 0.08 | 0.03 | 0.07 | 0.04 | 0.02 | 0.08 | 0.02 | 0.01
Na, O 0.08 | 0.02 | 0.06 | 0.05 | 0.06 | 0.10 | 0.08 | 0.05 | 0.07 | 0.15 | 0.08 | 0.04 | 0.06 | 0.22 | 0.11 | 0.07
K,0 5.85 | 7.34 | 6.55 | 5.65 | 7.61 | 6.00 | 6.83 | 7.09 | 6.51 | 7.71 | 6.73 | 7.22 | 7.88 | 7.05 | 8.06 | 7.96
Total | 94.98 | 97.89 | 97.80 | 95.63 | 98.08 | 97.68 [ 97.32 | 97.84 [ 97.72|96.99 | 97.74 | 96.76 | 99.34 | 97.02 | 97.58 | 97. 89

L 22 AU HEUE Y BH 2 T 4L
Si 5.46 | 5.61 | 5.49 | 5.43 | 5.61 | 5.48 | 5.56 | 5.57 | 5.53 | 5.58 | 5.53 | 5.44 | 5.47 | 5.34 | 5.47 | 5.53
Ti 0.10 | 0.12 | 0.11 [ 0.08 | 0.11 | 0.10 | 0.12 | 0.06 | 0.14 | 0.19 | 0.10 | 0.27 | 0.48 | 0.51 | 0.46 | 0.37
Al 2.33 | 2.28 | 2.36 | 2.37 | 2.36 | 2.35 | 2.33 | 2.36 | 2.32 [ 2.29 | 2.33 | 2.32 | 2.13 | 2.25 | 2.15 | 2.22
Fe* 0.17 | 0.24 [ 0.19 | 0.18 | 0.22 | 0.22 | 0.24 | 0.18 | 0.28 | 0.21 | 0.18 | 0.23 | 0.54 | 0.40 | 0.37 | 0.44
Fe?* 2,63 | 2.18 | 2.34 | 2.53 | 2.17 | 2.36 | 2.23 | 2.18 | 2.24 | 2.19 | 2.37 | 2.36 | 1.39 | 2.04 | 1.72 | 1.53
Mn 0.01 | 0.00 | 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.02 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
Mg 3.90 | 3.89 | 4.01 | 4.04 | 3.80 | 4.02 | 3.88 | 4.06 | 3.89 | 3.75 | 3.94 | 3.69 | 3.95 | 3.54 | 3.86 | 3.92
Ca 0.01 | 0.00 | 0.01 | 0.03 | 0.01 | 0.01 | 0.01 | 0.00 | 0.01 | 0.00 | 0.01 | 0.01 | 0.00 | 0.01 | 0.00 | 0.00
Na 0.02 | 0.00 | 0.02 | 0.01 | 0.02 | 0.03 | 0.02 | 0.01 | 0.02 | 0.04 | 0.02 | 0.01 | 0.02 | 0.06 | 0.03 | 0.02
K 1.14 | 1.37 | 1.22 | 1.08 | 1.41 | 1.12 | 1.28 | 1.32 | 1.21 | 1.45 | 1.26 | 1.37 | 1.42 | 1.33 | 1.49 | 1.46
Xyp 0.60 | 0.64 | 0.63 | 0.61 | 0.64 | 0.63 | 0.63 | 0.65 | 0.63 | 0.63 | 0.62 | 0.61 | 0.74 | 0.63 | 0.69 | 0.72
2+
“lFfF‘2+ 0.40 | 0.36 | 0.37 | 0.39 | 0.36 | 0.37 | 0.36 | 0.35 | 0.37 | 0.37 | 0.38 | 0.39 | 0.26 | 0.37 | 0.31 | 0.28
g e
Rb 550 | 762 | 652 | 641 | 658 | 495 | 736 | 958 | 1050 | 624 | 653 | 749 | 1045 | 810 | 458 | 716
K 202 | 254 | 227 | 195 | 263 | 207 | 236 | 245 | 225 | 267 | 233 | 250 | 273 | 244 | 279 | 275

Ba 17.17 | 17.37 | 16.78 | 32.64 | 37.86 | 10.85 | 18.58 | 60.97 | 49.82 | 12.53 | 40.24 | 33.30 | 35.74 | 59.27 | 15.22 | 50. 83
Th 5.58 | 9.91 | 8.24 | 7.40 | 8.60 | 9.21 | 4.64 | 8.23 | 5.14 | 4.91 | 8.04 | 7.01 | 7.66 | 10.40| 9.62 | 10.06

U 0.85 | 0.38 | 0.23 | 0.61 | 0.94 | 0.50 | 0.52 | 1.70 | 1.67 | 0.98 | 1.16 | 0.42 | 1.33 | 0.38 | 0.84 | 1.03
Nb 21.40 | 13.05 | 5.18 | 5.33 | 13.37 | 9.73 | 68.34 | 60. 15 |127. 11| 12.42 | 4.35 | 28.50 [106.02| 49.70 | 8.86 | 15.53
Ta 11.62 1 9.14 | 2.11 | 3.95 | 9.30 | 4.59 |47.57 | 45.41 {107.30| 9.78 | 1.34 | 17.76 | 77.03 | 43.24 | 4.65 | 7.78
Pb 1.02 | 0.8 | 1.79 | 1.73 | 1.11 | 0.00 | 1.71 | 3.43 | 5.93 | 0.00 | 0.71 | 0.94 | 4.96 | 1.62 | 0.91 | 1.38
La 0.09 | 0.00 | 0.02 | 0.09 | 0.04 | 0.22 | 0.14 | 0.50 | 0.72 | 0.00 | 0.00 | 0.13 | 0.95 | 0.43 | 0.42 | 0.06

Ce 0.15 | 0.08 | 0.02 | 0.04 | 0.02 | 0.19 | 0.12 | 0.40 | 0.68 | 0.07 | 0.04 | 0.12 | 0.91 | 0.25 | 0.27 | 0.05
Sr 15.82 | 21.72 | 18. 15| 17.77 | 19.16 | 14.21 | 21.32 | 26.12 { 30.09 | 17.15 | 18.24 | 20.60 | 30. 14 | 22.17 | 12. 84 | 20. 06
Nd 0.11 | 0.00 | 0.13 | 0.00 | 0.00 | 0.18 | 0.00 | 0.00 | 0.34 | 0.13 | 0.12 | 0.00 | 0.43 | 0.15 | 0.00 | 0.13
Zr 0.45 | 0.25 | 0.20 | 0.24 | 0.47 | 0.28 | 1.11 | 1.35 | 2.36 | 0.29 | 0.10 | 0.56 | 2.26 | 0.90 | 0.28 | 0.28
Hf 1.14 | 0.39 | 0.48 | 0.73 | 0.55 | 0.34 | 1.59 | 1.67 | 3.50 | 0.33 / 0.63 | 2.85 | 1.06 | 0.52 | 0.52
Sm 0.00 | 0.16 | 0.00 | 0.00 | 0.00 | 0.00 | 0.18 | 0.00 | 0.00 | 0.00 | 0.20 | 0.13 | 0.00 | 0.00 | 0.30 | 0.07
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15, -1 | 12 | 13 | 14 | 16 | 17 | 18 | 1-11 | 1-13 | 1-14 | 1-16 | 1-15 | 15 | 19 | 1-10 | 1-12
Ti 4.36 | 5.61 | 4.96 | 3.43 | 4.90 | 4.59 | 5.23 | 2.93 | 6.39 | 8.51 | 4.39 | 12.10 | 22.58 [ 22.93 | 20.99 | 17.08
Y 0.03 | 0.03 | 0.02 | 0.00 | 0.00 | 0.03 | 0.00 | 0.07 | 0.09 | 0.03 | 0.02 | 0.02 | 0.17 | 0.05 | 0.03 | 0.00
Yb 0.00 | 0.04 | 0.04 | 0.11 | 0.00 | 0.03 | 0.00 | 0.08 | 0.00 | 0.00 | 0.09 | 0.09 | 0.36 | 0.12 | 0.00 | 0.00
Lu 0.08 | 0.00 | 0.04 | 0.04 | 0.00 | 0.03 | 0.04 | 0.04 | 0.27 | 0.00 | 0.00 | 0.09 | 0.25 | 0.00 | 0.00 | 0. 11
Se 0.59 | 0.48 | 0.34 | 1.02 | 1.09 | 0.00 | 0.73 | 0.29 | 0.00 | 0.30 | 0.57 | 0.59 | 0.65 | 0.30 | 0.00 | 0.63
\ 4.06 | 3.74 | 2.74 | 4.16 | 4.57 | 3.16 | 3.68 | 5.89 | 5.55 | 2.54 | 3.41 | 4.06 | 5.57 | 4.90 | 3.48 | 4.18
Co 0.78 | 0.83 | 0.73 | 0.85 | 0.81 | 0.77 | 0.77 | 0.74 | 0.76 | 0.90 | 0.82 | 0.84 | 0.89 | 0.89 | 0.73 | 0.90
Ni 0.27 | 0.25 | 0.22 | 0.24 | 0.23 | 0.27 | 0.24 | 0.25 | 0.25 | 0.30 | 0.24 | 0.26 | 0.31 | 0.25 | 0.22 | 0.27
Cr 0.04 | 0.02 | 0.01 | 0.01 | 0.02 | 0.01 | 0.03 | 0.06 | 0.04 | 0.01 | 0.01 | 0.01 | 0.04 | 0.01 | 0.03 | 0.02
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Fig. 5 Correlation diagrams of oxide in pyroxenes from Huaihua diabase, western Hunan
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Fig. 6 Classification chart of biotites from Huaihua diabase, western Hunan (after Foster, 1960)
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BARDFE AT T AP 2 ) 22 L Ca 5 6 40 48 1)
FHEA (Z B A ) . Leterrier 45 (1982) i 4 X
1225 55 K A7 B0 88 (AL Cr Ti . Ca 1 Na) 097 %
5501, 8 R A B T X b X A B
(LG PR Bl A e P RN 52 9K LA F £ ik
PEZRA LA RS A) Yk b stz A
(AFER A WA AL R S G  9N S 7 R 5l
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I 8 WIPY ML LR Th SR FIR 2 BE A ZITH AT (a) (b)) EHRBEHIE; () —(e) HHRIAIE
(f) Fa s 20 00 11 (R L i JB1 /£, 1988 ; Abdel-Rahman, 1994 ; Nisbet et al. , 1977)

Fig. 8 Binary discrimination diagram of clinopyroxene and biotite from Huaihua diabase, western Hunan: (a)—(b) magma source

region diagrams; (c¢)—(e) magma series discrimination diagrams; (f) structural discrimination diagram ( after Zhou Zuoxia,

1988&; Abdel-Rahman, 1994; Nisbet et al. , 1977)

PNGBUE SUETEZ ST w = Pu R/ S =D RO S IR
L (LA B IR BE X oA T Bl R i 12 25 40
PERRE  BINE X B ) . ks i
WA TE AL O,—Si0, [EIf# Al ( Ca+Na)—Ti [KIfif
AR A I B 437 B 2 35 S R A1 T a2 A )
LR T ERK R (JE 8d, o), X5 R
WA 2 LA e e TR T JE s i R T A 3
—F (K 5), Nisbet and Pearce ( 1977 ) fi F B} #%
AP ALY B B T F1—F2 B
T PR P A, LA 3] B R Ay 2 2 A A
I T SRR AE . M S T S 0 R
TE TR 2R A R P 30 2 9 DXl T 3
A7 FFEAE T B a2 A B DX

T3 — 7 T, H T YA U IR T 2
2 TR Y8 SO R R e, AR
WA B A2 B A T DAAR G Hl s W SR AE 235 B TR
B BE I 7 o e il e e SE B 25 SR R W] BRI A1
Z BRI S LA Al A O TR B T
g Th R A Y AL 21 R0AT LIRS 1) Ak 33 45
fhili I (Davis et al. , 1966) . {HJEA [ B4 H

25 At ) BRIV A1 B P LR AN AR [R] , s P &
B R Y SR A 23 1) 5 Fs 977 1) AL, T
PIBEZ o R 221022 Wo B4 7 1] 18 4 ( IS 5 T
55,1987 o BEXMMERE S T R A7, 2B A
R HERZHESE (1987 ) M4 v 15 AR Al 1k 2 o 5
A ol HE A LA 2256 A S8R

%:997. 0685+721. 1729%n ( Al) (1)

P 3 2450+64.9210%n( Al) (2)
0.1GPa ‘ "

%=1057.0318+902. 0416xn( Al) (3)

= 6. 6360+81. 3899xn( Al 4

0. 1GPa 99xn(AD) 4)

Hrps(1) . (2) ARBEX A ;0 (3) . (4) N
Rz

AR YN 72 1 SR A A 22 oy, IR AE 1
GPa YRS A1 PR A 33 km, £ 5575 21 AL
S 8 A 4G TR R 1080~ 1112 °C, 4 i
J£770.3~0.6 GPa, X} W A EE R 9. 1~20. 8 km; M
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BEREAT 45 TR E N 1237~ 1274 °C 45511 1.0
~1.32 GPa XTI AYIREE g 31. 8~42. 6 km,, i1l
Hi 0 () RLRE 241K 1280~ 1350 °C , B I /& T3 38 A7
45 AR | H 533 05 £ A 45 S TR AL, X R
WS (R R 7 B B A ) T RESS
T b TS 5 Se 45 A B A, A AR Y
W THENRE K AL W SAERDE R, TSN
(AR A B 22 2 3 ) T AT R A 3 el
FROMIE L S5 AT — B TR VL L
P BT i AR S A TT RSk H A AL 4R
b AR Ao Tl A T2 L ST T R e R R
TR LA BART P AR R R s A i A8 AR
4.3 IEELUGEEEFTE NSRS iR

H RTAIFSE A B 2204 T = oy s A R Ok e g
LA A L P BB oG i AR A A9 15 b, £ 4 g A
Fi# ( Wang Xuance et al. , 2007 ; Li Xianhua et al. ,
2009) , & 9K i AL B Y ( Zhou Meifu et al., 2002;
Wang Xiaolei et al. , 2004, 2017 ) FlHy b 24 25 #5 A4
(Zheng Yongfei et al. , 2008 ; Zhang Chuanlin et al. ,
2013) Mg AT A YN Sy AR R b X AT Y B
A AR LA 2 B ST A7 B e 4]
B — NG N 830~ 795 Ma, KAETEHAAMEHZ
I, o A0 5 445 1 A9 F 2 B ) — 38 o5 — 01k
780 ~ 745 Ma, &b F I 24 By Bt (Li Xianhua et al.
2003) , S INA R VL LA e e & T
HE—VEIRF (970 ~ 880 Ma) | JIK—iti filf 48 ( 880 ~ 860
Ma) FE—Fi 0fF 7 (860 ~ 825 Ma) | JR J5 7 Hi 3T IT
(825~810 Ma) i L5 fifi Ji€ ( ~ 810 Ma Ji7 ) & Z F
P15 72 (Wang Xiaolei et al. , 2017) , Hede—2L4

~860 Ma
He R

1k

B

BALN Sy, 90 A 1 56 78 IR—li il 48 (960 ~ 860 Ma) |
il 8/ 3 17 5 38 (830 ~ 800 Ma) , DL R AR TR
(780 ~ 740 Ma) 55 Z W15 HAE FH T 8 it i ( Zheng
Yongfei et al. , 2008) , A X LEBAIHRIN Jy 45+ Fi
He S AT SR G AR b P BE A DR bV D (B G
()RR e A AL 3 A A AN Rl ke . rh TR
H D3 LB A AR AR ] &, L = 5 b g A A
MR A, b AT A A AT REXE LA ST, 1
Ah TR TTRA 1Y H Bk 24 F0 Nd (5] 47 28 FRAE
WR], 4 7 s P A A7 8o o AU i X A
(Wang Wei et al. , 2012) , 1 THr AT BT
T AR 3 T AE BT oo AR, B T 18 R b i
2B R R MR — I (R AR AN 3
JIT 825~740 Ma SEHiid 2445 15 5 T VLRI L
A B RA ( Zheng Yongfei et al. , 2008)

VLRG3 LU P v SRR E S AR A A ORI
FIETEE I sk Ak 2 RRAE s , W Ve 36 LA 1Y
Y Mg 54 PR A G I nl e K AR A 815~ 822
Ma Z [H] ( Wang Xiaolei et al. , 2017 ; Zhao Guochun,
2015; Zhang Yuzhi et al. , 2012) . H4E 148 B 46 i
JiCE 35 BT A I {H 4F 1% (825 Ma) ( Charvet,
2013) F1 805 Ma (1 XI5 77 3% 1 3l ( Wang Xiaolei et
al. , 2012;Yao Jinlong et al. , 2014) ,Xia Yan(2018)
1 T i AR AE 825 ~805 Ma,805 Ma LUJS , #E P
ST FN 47 5~ M I Bl ORIl 140 2% 2 1) A D A e 4
WIS 77 RS IR A I8 — 4 R i 4
MG, BRSSO IR 3 J2 2 7 1 5 5
FEEER (I 9¢) o Zhao Guochun (2015) A RYTFE
T L 247 e 5 e S b B i) ORI A LY 1

860~825 Ma
S BRI

) 825~805 Ma
Y1 ik e E R
ST K b

LRGN pompe R )

805~750 Ma
W R IR S =D

3/ LAWY

wmE b~ | d@®!
(d) B B R

[ 9 VTR 3 LU 7 B 7 ol AR 35 v AL A B (8] (4% Zhao Guochun, 2015; F &4 2017;Xia Yan et al. , 2018 150)
Fig. 9 Tectonic model for the western Jiangnan Orogen Belt ( After Zhao Guochun, 2015;
Wang Xiaolei et al. , 2017&; Xia Yan et al. , 2018)
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IR/ RMERNZS S, Fooh e A h ks
il A O FH R RS MR Bl 4 30 ], A Sk 144 il
IS A6 A R A TR 9 % B 1Y 3L K )2
(ANPOERTE ARGILEE) (Xia Yan et al. | 2018) , fk
AR A3 78 ) PO A6 = B, A% AT 5 1L AF % 7F
829~ 819 Ma ¥ J5 filf 18 f£ i< 5 ( Wan Le et al.,
2019) , UL Hl XTI AR AR B A I D R R
fiE, V5 X ] BEAZ SR b VR F A5 28R S 5
5 EIRIR A IR B 455 (Xia Yan et al. |
2018) , FERLTE 15 11132 3l 0 fe e By B, I o i A A
Bl B B 1) 0BT 28 4 OA O 2 T VR AL A Y A AR 2 R
(Davies et al. , 1995) , % B 3 0o B8l i 19 1
AT RESE T A B A T JR00OR B 24 5 | Y, SR T K
825 ~ 800 Ma M ‘k 1l 75 ( Kou Caihua et al.
2018) .

FER—B REAE S VLR R Ll 48 07 T Rl
JEE R, 800~740 Ma HAH], ) 2 E B I HA RS
FEAE Y KL A bR R VT RS 18 LU VY BB 9 4R 05 3
MR . KSR E BAA S R A R E 5E 4
TRV Nd R 28 REAE, #2548 15 Pl 3 i Bt
) Bl N 2 25 26 55 B9 %% A8 ( Zheng Yongfei et al. |
2008 ; Wang Wei et al. , 2012) , X — KBt & 419748
JERT LA L) T A 70 b 0 B VR 24 4 2 b oM R 3 (Wang
Xiaolei et al. , 2012) , SR K i £ el e i 45
DUSE T #07 B Hhh f E, Se ZIE B T A R Y
“IAB 1 OIB #Y” K&V A0 &K 0 B0 =X okl 5
(Dewey, 1988;Draut et al. , 2002) , ML HELE A
FABMEAY n(Ca)/n(AL) {H (3.48~7.15) FlI i w
(Ti)/w(Eu) fH(>1500) B RFAE 7R VTR 1 117 7Y
BB A A ML 8 A7 T T R A R R b R
RAY ZH AN, PIRRE A 34T T 4 P A 3 34
Be M TSl A, B A ELAT s A 4 S A TR
FRE 7, 36300 B P g 5%, U RA IR MR M
1) SR 2 SRS VR T A 7 Pl b 350 40 e, 1 7 )
W R R R A T R SE . A SRR
2 B AT M ol R A R A, SRR A R SRR Y
FEW) . EBAr ~760 Ma FEVES A ER L 48 bn B A
SR 9 5 R 53 1 Ak 2 i P M R A s 5 5L
ARG FEY)(Wan Le et al. |, 2019) . ‘EA1A9H
BRALAHFAF (Nb—Ta fi i e Z Wi 21k, Sr—Nd [H]
3 A B 4 ) 2 B AL Bl M s 1k 5 2 miT i)
TR A RIS AR G o X — W] AL
WELR A A EMAUE, BAR A A HA OB M E TR

B (EAP A — BB RRAE (A 7E 3L HFSE Hh g i
) o I, D 780 ~750 Ma Fit— Z& 41) XL AU B
PEA ROFEE I e PR A HESE o LB
WELRF FIE B HEME A B 8 T 18 10 5 W (Liu Yu et
al. , 2020;Wan Le et al. , 2019) , SNSRI Kk A A
] b i A R i P 2R R AR DR SR s R T A R s T
SO B, SR ERO L b0 R RIS L T RN LA 3 B
B )3 L S5 4 1 B 058 A A8 () B AR A (Liu Yu et
al. , 2019) .

5 5B

(1) VL rg 3 L P8 BB ool O S 5 rh i B ARt
WA IR Ca—Mg—Fe #E AW, b, 838 1 4 1)
WMRHE N Wo 42~44 En 42~44 DL K Fs 11~ 14,
B AT B L R AE A Wo 44 ~45 En 40~43 DL K%
Fs 11~14)

(2) PARIVE AT BY 25 Sl A B2 IR R 0, 1k
MRSk Th Bl A P45 R 1080~ 1112 °C L, 45
ik 71 0.3~0.6 GPa, X W FIEREE R 9. 1~20. 8 km;
BN )45 il B 1237 ~ 1274 °C L, 45 R )
1. 0~1.32 GPa, XJ L TR EE K 31. 8~42. 6 km,,

(3) ML A TP R A ) n(Ca)/ n( Al)
fH(3.48~7.15) FIE w(Ti)/ w( Eu)f (>1500) (¥
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(4) WA RN TR 2= B R AL 22 RRAE 7, MR
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Neoproterozoic evolution of the western Jiangnan Orogen

Insights from element contents of clinopyroxene and biotite in Huaihua diabase, western Hunan

ZHOU Weijian"» | HU Tianyang™ > , LIU Lei>* , HUANG Dezhi**
1) Hunan Vocational College of Engineering, Changsha, 410151
2) Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring ,
Ministry of Educationin Central South University, Changsha, 410083 ;
3) School of Geosciences and Info-Physics, Central South University, Changsha, 410083

Objectives: The debate on the Neoproterozoic tectonic background of the Jiangnan orogen includes the mantle
plume—rift model, arc-related model, and plate—rift model.

Methods: In this paper, the chemical compositions of clinopyroxene and biotite in Huaihua diabase ( ~788
Ma) , were accurately determined by EPMA and LA-ICP-MS, to restrict the diagenetic tectonic setting in this area.

Results; The clinopyroxene in Huaihua diabase can be divided into augite and diopside. According to the
clinopyroxene characteristics of then ( Ca/Al) ratio (3.48 ~7.15) and high w (Ti/Eu) ratio (> 1500), the
Neoproterozoic mantle in the western part of the Jiangnan orogen may have suffered multiple metasomatisms of
silicate melt and subduction fluid. The crystallization temperature and pressure of clinopyroxene were estimated by
the clinopyroxene isotherm, which shows that the crystallization temperature of pyroxene is 1080 ~ 1112 °C, the
crystallization pressure is 0. 3~0. 6 GPa, and the corresponding depth is 9. 1~20. 8 km; while the crystallization
temperature of the diopside is 1237 ~ 1274 C, the crystallization pressure is 1.0 ~ 1.32 GPa, and the
corresponding depth is 31. 8~42. 6 km.

Conclusions: Together with the results of clinopyroxene and biotite compositions ( Al, Ti, Ca, Na and other
elements of clinopyroxene and Mg, Fe and other elements of biotite) , parental magma series, and tectonic setting
discrimination diagram, we recommend that the sub-alkaline tholeiitic magma came from the top of the upper
mantle. And the tholeiitic magma was formed by the crystallization differentiation of intraplate alkaline basaltic
magma, which was generated by the partial melting of the asthenosphere mantle. Based on the characteristics of the
regional tectonic setting, this paper proposes a three-stage plate—rift model to describe the tectonic setting of the
Neoproterozoic western Jiangnan orogen.

Keywords : Jiangnan Orogen; Huaihua diabase; clinopyroxene; biotite; tectonic background
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