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Petrogenesis of the basalts of Woniusi Formation at Baoshan
area, Yunnan: Is it of mantle plume origin?

XIAO Long', XU Yigang', MEI Hou_jun' and YU Rong_ping’
( 1. Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China; 2. Guilin Institute

of Techonology, Guilin 541004, China)

Abstract: T he basalts of Woniusi Formation at Baoshan area, located in western Yunnan Province, are composed of low_Ti0, tholerr
ites generally similar to the low_Ti tholeiites from Emeishan large igneous province. They are highly_differentiated magmatites rich in
large ion lithosphere elements and high field strength elements, have significant Zr and H positive anomalies as well as high *'Sr/ *Sr
and low "PNd/ " Nd ratios, and show characteristics similar to those of continental rift basalts. Geochemically it consists of three
eruption cycles which can be divided into three rock units. The early_stage unit 1 basalts are characterized by massive plagioclase_phe-
nocryst basalts, amygdaloid basalts and basaltic tuff. The middle_stage unit 2 and the late_stage unit 3 consist of minor olivine basalts
and trachybasalt as well as diabase dykes. From the similar geochemical and Sr_Nd isotopic features with Emeishan basalt, they are
interpreted as the products that evolved from the same parent magmas and experienced crystal differentiation of plagioclase and
clinopyoxene. Their parent magmas were generated from an enriched lithosphere mantle associated with mantle plume. This suggests
that the Emeishan large igneous province may have remarkable westward extension.
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Fig. 1 Sketch geological map of Baoshan area (a) and
sampling profile (b) of the Woniusi basalts

1 —plagiophyric basalts; 2 —amygdaloidal basalts; 3 —tuff; 4 —
diabase; 5 —limestone of Dingjiazhai Formation; 6 —siltstone of

Lower Permian Bingma Formation
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Table 1 Electron microprobe analyses of phenocrystal mineral composition of basalts
S5i0; AlO5 Ti0, FeO MgO Cal MnO NaO K.0 P20s Total
WW H |l|||| I'JI-' Wo En Fs
w oyl e
Bsle- 1 51.649 1.439 0.714 11.617 16.101 18.358 0.251 0. 155 100. 284 36 46 18
T Bs- 10 51.657 3.413 0.683 4.674 16.477 22.582 0.226 0.156 0.044 99.912 46 46 8
T Bs6- 1 51.381 2.477 0. 851 9.036  16.224 20.309 0.1 0. 143 0.038 100.559 41 45 14
BS6- 2 51.827 2.643 0.994 9.27  15.971 19.748 0.113 0.124 0.008 100.698 49 47 4
Ab An Or
BsS6- 3 51.823 31.107 0.062 0.481 0.23 14, 24 2.313  0.154 0.01 100. 42 22 77 1
Bs6- 4 54.053 29.967 0.07 0.629 0.177 11.584 0.053 3.163 0.268 99.964 32 66 2
FHSAT BSII- 1 52.078 30.032 0.078 0.366 0.143  13.878 2.745  0.151 0.032 99.503 26 73 1
Bsl1- 2 51.005 31.207 0.398 0.136 14.045 2.829  0.168 99.788 26 72 2
BSI16- 2 53.528 30.19 0.036 0.757 0.097 12.585 3,257 0.238  0.004 100.692 31 67 2
Bs16- 3 50.208 31.133  0.05 0.443 0.122 14. 02 2.706  0.143 98.825 25 73 1
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Fig. 2 Variation of major elements and geochemical parameters with stratigraphic height of the Wonisi basalts
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Table 2 Major and trace elements data of the Woniusi basalts
o s W1 e 250 83 Moo
" bs- 1 hs— 2 hs- 4 hs— 6 bs- 7 bhs— 8 hs— 9 bs— 11 bs— 12 bs— 13 bhs— 14  bs— 15  bs- 16
5103 55.01 55.56 54. 21 53.79 52.86 56. 86 54.71 52. 81 55.65 54.79 53.01 52.00 50.71
TiD» 1. 83 2. 16 1. 94 1.25 2.19 2.05 2.33 1.17 1.92 1.95 2.15 2.03 2.00
Al 05 15. 84 15.13 17. 47 16.99 18.83 15.30 16. 45 16.71 16.79 17.43 18.91 15. 67 15.25
Fea03 1.93 2.13 1. 87 1.63 1. 84 1.90 1.70 1. 41 2.25 1.94 1.72 1. 80 1. 68
FeO 9.83 10. 86 9. 56 8.33 9.37 9.70 8.69 7.17 11.46 9.91 8.78 9.20 8. 56
MnO 0.20 0.11 0. 11 0.08 0. 11 0.13 0.09 0.08 0.18 0.28 0.13 0.16 0.17
MgO 4.47 4.22 3.57 6. 81 3.07 4.39 5.74 6. 98 2.88 3.23 2.28 6.27 5.54
Ca0 7.00 5. 48 9.21 7.19 8.05 5.99 6.15 10. 18 5.07 5.81 8. 12 9.75 9. 04
NayO 3.99 3.20 2.34 2.90 3.30 2.30 3.31 2.29 3.59 3.37 2.70 2.25 2.24
K20 0.33 0. 82 0.33 0.99 0.92 1.13 0.50 0.41 0.62 0.95 1.37 0. 84 0. 86
P25 0.21 0.26 0.25 0.12 0.29 0.26 0.28 0.12 0.15 0.23 0.27 0.23 0.22
LOI1 9.15 8.26 7.27 4.87 6. 10 9.70 7.08 5.98 8.73 10. 08 7. 66 3.91 3.74
total 100.77  100.07  100.93  100. 13 100.90 100.12 100.03  99.37 100.67 100.01  99.52  100.31 100.04
Mg" 36. 30 31.94 30.91 56.22 27.74 36.20 48. 37 63.19 22.06 27.57 22,72 49. 44 47.63
Ba 98.36  150.70 246.00 189.20 460.00 87.03 248.60 156.60 62.20 84. 11 160.40 254,40  253.91
Rb 8. 88 21.72 6. 52 25.93 38.60 49.33 10. 42 4. 64 12. 60 19. 55 41.90 17.12 19. 85
Sr 187.50 111.40 258.60 221.00 194.60 B81.56 186.50 181.30  56.32 61,57 170.60 244.60 243.26
Y 33.59 30. 62 29.65 28. 06 27. 17 26.57 32.48 25.638 28.96 38.95 29. 41 30. 22 29.55
Zr 168.10 177.80 164.20 184.00 173.80 168.00 195.30 154.10 179.30 183.60 177.90 163.40 167.40
Nb 17.39 19. 02 17. 60 19.72 20.98 17.82 20.94 18.45 17.78 17. 96 19. 45 17.91 18.37
Th 4. 36 4.24 3.73 437 4. 55 3.89 4.67 3.90 4.47 4.95 4.13 3.90 3.84
Ga 20. 50 19.53 21.34 23. 41 17.59 21,01 21.23 18.22 22.02 23.18 23.19 21,10 20. 97
Zn 111,39 9588  158.11 106.40  77.91 73.75  173.04  B2.65 123.79  96.41 84.70 98. 11 92.71
Cu 183.04  56.79 99.98 137.20 103.15 137.33 141.02 68.67 192.95 248.68 74.24 30. 61 58.17
Ni 54. 54 39. 64 43.18 56.06  100.10  46.24 43.04  122.50 62.94 48. 62 65. 34 55.13 53. 46
A 301.30  281.50 258.10 292.00 226.20 273.70 305.70 242.70 318.30 335.00 257.50 297.80 286.90
Cr 116.10  54.40 44. 43 56.91 320.00 60.70 59.30  323.70 139.00 149.30 57.59 66. 72 66. 73
Hf 3.89 4.09 3.80 4.27 4.04 3.83 4.56 3.52 4.24 4.33 4.09 3.74 3.86
Cs 0.79 1. 96 0. 89 1. 80 1.05 3.87 1. 68 0.31 0.94 1.26 3.67 0. 36 0. 43
Se 37.25 33.24 30. 69 34.62 34.25 32.53 40. 16 34.07 37.49 46.72 35.93 38. 80 37.06
Ta 1.05 1. 16 1.07 1.22 1.33 1.08 1.29 1.18 1.09 1. 10 1. 18 1. 10 1. 11
Co 44. 10 39. 41 41. 18 44. 82 33.05 35.73 44. 40 39. 44 50. 16 38. 00 39.39 43.57 39.75
U 0.75 0.94 0. 88 1.02 1. 09 0.71 0.96 0.71 0.47 0.56 0.74 0.82 0.83
La 14.17 16. 35 15. 64 18. 35 14.96 15. 14 17.95 13.54 12.61 17. 41 16. 68 16. 58 16. 45
Ce 29. 64 33.53 32.31 36. 94 27.21 31.41 37.06 26.77 26. 10 36. 61 33.47 33.72 33.47
Pr 3.94 4.45 4. 34 4.81 3.67 4.15 4. 89 3. 44 3.43 4. 84 4. 45 4. 46 4.43
Nd 17. 01 18.95 18. 41 20. 38 14. 98 17. 80 21.02 14. 37 14. 66 20.76 18.93 19. 20 18. 90
Sm 4. 14 4.30 4.25 4. 54 3.38 4. 06 4.82 3.37 3.59 5.10 4.25 4.35 4. 34
Eu 1.23 1. 44 1. 56 1. 68 1. 14 1.29 1.73 1.12 1. 11 1. 48 1. 54 1. 66 1. 67
Gd 4. 96 4.95 4. 82 4.93 3.95 4.40 5.39 3.97 4.27 5.97 4. 86 5.08 4.92
Th 0.87 0. 84 0.82 0. 81 0.67 0.75 0.90 0.69 0.76 1. 04 0. 81 0.85 0.82
Dy 5.52 5.03 4.93 4. 84 4. 06 4,51 5.53 4. 31 4.74 6.45 4.95 5.16 4.94
Ho 1.12 1. 01 0.98 0.95 0. 84 0. 88 1.09 0.85 0.96 1.29 0.97 0.99 0.95
Er 3.25 2.91 2.81 2.76 2.45 2.55 3.16 2.49 2.86 3.75 2. 81 2.93 2.78
Tm 0. 48 0.43 0. 41 0. 40 0. 36 0.38 0. 45 0.36 0. 42 0.55 0. 41 0.42 0. 41
Yh 3.15 2.77 2.63 2.65 2.31 2.45 2.87 2.33 2.83 3.55 2. 68 2.70 2. 64
Lu 0. 50 0. 44 0.42 0. 41 0.36 0.39 0.44 0.37 0.43 0.55 0.42 0. 41 0. 41
Ti'Y 314.52 414.98 395.83 471.16 274.20 443.52 431.98 259.32 385.86 293.33 441.09 420.27 435.28

T e s A ERRE T MR A BRI 2 2 BT L s i BT ECR ] ICP- AES 238, Si02 HIBGI i a0 17, 19 2R

FohE o b, e Uk S T R 20 52 s SR G T PE Elan 6000 %45 857 (6 0% M52 (1CP= MS) ¢ 4MHr RS 2 0 5045 ( 1996) .
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Table 3 Rb, Sr, Nd contents for the Woniusi basalts
FEYS Rb Sr Sm Nd (¥5e/¥°Sr) m (7Se OSr) t &) ("Nd/"Ndym ("ONd/ "Nd) ¢ &l 1)
BS- 6 25.93 221 4.542 20.38  0.707418 0.70601729  26.3 0.512 497 974 0.512242%14 - 0.44
BS- 9 10.42 186.5 4.816 21.02  0.707 108 0.706 44112 32.3 0.512 487 476 0.512225 14 - 0.78
BS- 11 4.635 181.3 3.367 14.37  0.706 962 0.706 657112 35.4 0.512 551 555 0.512283 £ 15 0.35
BS- 15 17.12 244.6 4.353 19.2 0. 706 802 0.705996 11  25.6 0.512471 737 0.512212 £ 12 - 1.04
BS- 16 19.85 243.26 4.341 18.9 0. 706 940 0.705966 £ 9  25.6 0.512 496 616 0.512233 £ 14 - 0.62
EM- I 0.705 <0.5112
EM- 1I > 0.722 0.511~ 0.512 1
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DM —depleted mantle; BSE —bulk silicate Earth; EM 1 and

EM Il —enriched mantle; HIMU —mantle with high U/ Pb ratio
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and Nag versus CaO/ ALOs(f) plots of the Woniusi basalts
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Table 4 Incompatible element ratios of Woniusi basalts, OIB end members and major chemical reservoirs

Zr/ Nb La/Nb Ba/ Nb Rb/ Nb ThiNb Thi/La Ba/ La Al
55t g 14. 80 0.94 9.00 0.91 0.12 0.13 9.60
N_MORB 30. 00 1.07 4.30 0.36 0.07 0.07 4.00
it 7 16. 20 2.20 54.00 4.70 0. 44 0.20 25.00 Rollinson,
GLOSS 14. 54 3.20 86. 80 6. 40 0.77 0.24 26. 90
HIMU OIB 3.2~ 5 0.66~0.77 4.9~ 5.9 0.35~ 0.38  0.078~ 0.101 0.107~ 0.133 6.8~ 8.7 1993
EM_I OIB 5~ 13.1 0.78~ 1.32 9.1~ 23.4  0.69~ 1.41  0.094~ 0.130 0.089~ 0.147 11.2~ 19.1
EM_II 0IB 4.4~ 7.8 0.79~ 1.19 6.4~ 11.3  0.58~ 0.87  0.105~ 0.168 0.108~ 0.183 7.3~ 13.5
MR L 138 1171 1.24 11.74 .20 0.26 0.21 9.53 P B,
HEIME LA 2% 812 0.70 21.46 2.09 0.12 0.17 31.05 2003 a
TR s 9.29 0.85 9.91 1.13 0.23 0.27 11.87 AL
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