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Abstract A suite of metamorphic mafic-ultramafic lavas outcrop in Junying-Bangxi area Hainan Island South China. Based on
the geological petrological mineralogical and geochemical results the Junying-Bangxi metamorphic mafic-ultramafic lavas can be
classified into two major magma types namely the high-Mg and the low-Mg types in which the former is high in Mg ( Mg* =76.9 ~
81.3) whereas the latter is high in TiO,(2.34% ~3.27%) but low in Mg ( Mg* =40.7 ~48.4) . The chondrite-normalized REE
patterns of this suite of rocks appear LREE~riched type ( ( La/Yb) y =2.40 ~7.58) with no apparently Eu anomaly. Primitive mantle—
normalized trace element patterns show no Nb depletion and slightly Ta positive anomaly. The *'Sr/*Sr (270Ma) and &y, ( 270Ma)
values range from 0. 70645 to 0. 70956 and from +4.7 to +6.5 respectively. These geochemical characteristics are similar to that of
ocean island basalt ( OIB) . Some trace element ratios characterizing the source regions such as Ta/Hf Th/Nb Nb/Zr La/Ta La/
Sm (La/Nb) ., and (Th/Ta),, reveal that the Junying-Bangxi lavas have affinity to OIB from intraplate magmatism associated with
mantle plume activity. Electron microprobe analyses on olivine phenocrysts in the Junying-Bangxi ultramafic lavas further indicate that
the high-Mg nature is caused by olivine accumulation. Combined with the low Fo ( 68 ~77) of olivine phenocrysts we propose that the
primary magma likely is low-Mg basaltic magma which have derived from the low degree partial melting of garnet lherzolite mantle. The
lower contents in Cr and Ni for low-Mg type relative to that for the high-Mg type indicate fractional crystallization of olivine and
clinopyroxene occurs subsequently. The Late Paleozoic OIB-type lavas in Junying-Bangxi area probably were produced in an extensional
back-arc basin owing to the subduction of Paleo-Tethys Ocean and the probably synchronous initiation of the mantle plume under South
China continential margin. This suite of metamorphic mafic-ultramafic lavas as new evidence is significant for discussing the evolution
of South China Eastern Paleo-Tethyan Ocean.
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Fig.1 Simplified geological map of Hainan Island showing the main tectono-stratigraphic and tectono-magmatic units ( modified

after Xu et al. 2007)
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Fig.2 Sketch map showing regional geology of the Junying-Bangxi area in the western Hainan Island and measured cross section A—

B of mafic-ultramafic lavas ( modified after Xu et al. 2007)
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Fig. 3 Photomicrograph of metamorphic mafic-ultramafic
lavas in Junying—Bangxi area of the west of Hainan Island
('a) tabular olivine phenocrysts and matrix with tremolitization and
chloritization; ( b) Hlake tremolite replace along the margin of olivine
phenocrysts aggregate ( c) -criss-erossing flake tremolite in the inner
of olivine phenocrysts; ( d) -pyroxene phenocrysts and fine

plagioclase in matrix
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Table 1  Electron microprobe analysis for olivine phenocrysts in ultramafic lavas ( wt% )
Si0, TiO, Al 05 FeO MnO MgO Ca0 Na, O K,0 NiO Total Fo
1< 36.75 - 0.02 28.34 0.29 33.71 - 0.02 - 0.19 99.32 68
2-m 37.28 - 0.00 28.82 0.15 34.60 - 0.05 0.01 0.13  101.05 68
6-m 36.35 - - 29.12 0.23 34.24 0.01 0.07 0.02 0.21 100.25 68
8-m 37.05 0.01 - 28.16 0.30 33.91 0.01 0.01 0.01 0.18 99. 64 68
3+ 37.24 0.05 - 5 0.33 34.49 0.01 0.02 0.03 0.19  100.00 69
T+ 39.26 0.03 0.02 26.00 0.22 34.88 0.02 0.02 0.04 0.18  100.66 71
9+ 36.37 0.05 - 27.71 0.28 34.73 0.02 0.01 0.02 0.16 99.34 69
16-¢ 36.87 0.03 - 27.04 0.30 35.22 0.00 0.02 0.02 0.21 99.72 70
17-m 37.58 - - 27.43 0.27 35.30 - 0.05 0.01 0.18  100.81 70
19-m 37.01 0.06 - 26.47 0.24 35.22 0.01 - - 0.18 99.19 70
22-m 36.60  0.06 0.01 27.72 0.29 35.29 0.00 0.05 0.02 0.21 100.25 69
24-m 37.24 0.06 - 27.04 0.29 35.28 0.01 - 0.01 0.18  100.09 70
18+ 37.19 0.02 - 27.44 0.32 35.19 - 0.07 - 0.21 100. 44 70
20+ 36.84 - - 26.73 0.23 35.12 0.01 - 0.01 0.18 99.10 70
21+ 05BX-04 36.19 0.06 0.01 26.95 0.32 34.73 0.01 0.04 0.02 0.13 98. 46 70
23+ 36.91 - - 27.85 0.33 35.25 - - 0.01 0.16  100.51 69
30-¢ 36.61 0.13 - 27.82 0.20 34.77 - 0.05 0.01 0.13 99.71 69
31+ 36.98 0.08 0.02 28.46 0.29 34.78 - 0.02 0.01 0.20  100.84 69
32+ 37.53 0.10 0.00 26.67 0.27 35.11 - 0.05 - 0.25 99.98 70
33+ 36.76 0.08 - 27.83 0.26 34.96 - 0.06 - 0.22  100.16 69
38-¢ 37.00 0.04 - 28. 68 0.27 34.43 - 0.01 - 0.19 100.61 68
39-m 36.63 0.06 0.02 27.59 0.31 34.33 - 0.01 0.01 0.17 99.11 69
40+ 35.56 - - 26.09 0.29 33.27 0.02 0.07 0.04 0.17 95.50 69
42 37.20  0.05 0.01 27.63 0.23 35.38 - - 0.00 0.19  100.69 70
43-m 36. 80 - - 28.09 0.36 35.53 - - 0.01 0.15 100. 95 69
44+ 37.44 0.04 - 27.52 0.31 35.34 0.02 - - 0.19  100.86 70
53¢ 36.54 0.13 0.01 28.28 0.37 34.74 0.00 0.02 0.01 0.17  100.27 69
54+ 36.77 0.02 0.01 27.60 0.39 34.87 - 0.02 0.01 0.10 99.79 69
1 37.35 - - 23.79 0.39 39.13 - 0.08 0.01 0.24  100.98 75
5+ 05BX-04-2 37.51 0.01 - 23.22 0.40 38.48 0.00 0.05 0.02 0.21 99.89 75
2-¢ 37.79 0.03 - 22.69 0.30 38.33 0.02 0.06 0.04 0.19 99.43 75
3+ 05BX-04-4 37.90 - - 23.70 0.32 38.28 - - 0.04 0.21 100. 45 74
11 37.66 0.08 - 23.92 0.43 38.18 - - 0.02 0.19  100.47 74
12+ 37.78 0.09 0.01 23.36 0.52 37.18 0.03 0.10 0.05 0.18 99.30 74
13+ 37.77 - - 22.72 0.43 38.24 - - 0.01 0.15 99.31 75
3¢ BX4 37.37 0.11 - 22.67 0.44 38.29 0.01 0.03 - 0.19 99.10 75
24 37.96 0.06 0.02 23.30 0.48 38.06 0.03 0.03 0.01 0.24  100.18 74
4+ 38.08 - 0.01 23.35 0.38 37.93 - - 0.03 0.13 99.91 74
3¢ 38.42 - 0.00 21.90 0.45 38.27 0.02 0.04 0.01 0.20 99.30 76
4+ 36.69 0.02 0.01 22.23 0.42 41.22 0.02 - 0.01 0.22  100. 84 77
9-—¢ BX4 40.35 0.01 0.11 21.97 0.36 36.58 1.16 0.08 0.01 0.20  100.81 75
8 33.26 0.02 0.01 23.82 0.37 35.34 0.02 - 0.01 0.20 93.05 73
1< 43.52 - 0.02 20.07 0.50 34.52 0.16 0.00 0.02 0.13 98.95 75
2-m 37.43 - - 23.32 0.46 38.12 0.00 - 0.01 0.18 99.52 74
3-m 35.96 - 0.00 23.37 0.40 39.49 - - - 0.23 99.45 75
44 BX-5 38.69 0.11 - 22.17 0.44 39.10 - 0.00 0.01 0.22  100.73 76
S5+ 38.32 - - 22.50 0.42 38.53 - - 0.01 0.25 100.03 75
15—+ 38.53 - - 22.36 0.42 39.15 - 0.03 - 0.24  100.72 76
16+ 38.01 - 0.00 23.43 0.50 38.36 - 0.03 - 0.18 100.51 74
5-¢ 38.14 - 0.00 23.72 0.51 37.35 0.03 0.04 0.02 0.16 99.97 74
6-m BX-6 38.03 - - 23.15 0.42 38.25 0.01 0.03 0.01 0.22  100.11 75
T+ 37.51 - - 23.78 0.56 37.85 0.05 0.02 0.02 0.21 100. 00 74
B G- 7
JOEL JXA8100 15kV; 20nA; ‘lpm ZAF
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Table 2 Major element (wi%) and trace element ( x10™°) analysis for mafic-ultramafic lavas in Junying-Bangxi area of Hainan Island
BX4 BX=2 BX3 BX4 BX-5 BX-6  05BX-04-01 05BX-04-02 05BX-04-03 05BX-04-04 05BX-O1 05BX-02
Si0, 43 42.41 43.89  43.17 42.48 42.91 44.23 44. 96 45. 48 43.59 48. 88 48.79
TiO, 0.79 0. 86 0. 84 0. 87 0.87 0. 87 0. 86 0.78 1.13 0. 81 2.34 3.27
Al, O, 6.45 6. 44 6.59 6.71 6.5 6. 89 6. 64 5.67 8. 81 5.98 17.18 16. 08
Fe, 0,7 14.71  16.55 14.25 14.43  15.27 16.15 14.59 15.83 12.76 14. 31 11.44 12.4
MnO 0.19 0.19 0.18 0.2 0.2 0.17 0.19 0.17 0.16 0.19 0.2 0.19
MgO 29.4 28.64 29.04 29.51 29.35 27.18 29.42 27.2 21.79 31.38 5.42 4.29
Ca0 5.38 4. 85 5.11 5.09 5.26 5.79 3.77 5.23 9.21 3.77 9. 46 9.97
Na, O 0.09 0.08 0.08 0.08 0.1 0.1 0.05 0. 06 0.43 0 4.38 4.48
K,0 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.05 0.02 0.74 0.4
P, Oy 0.1 0.11 0.1 0.09 0.12 0.1 0.11 0.12 0.15 0.1 0.55 0.76
Total 100. 14 100.16 100.1 100.17 100.15 100.17 99. 89 100. 04 99.97 100. 15 100.59  100. 62
LOI 5. 68 5.06 5.31 5. 86 5.5 5.77 4.24 5.26 4. 04 5.93 1.1 1.02
Mg* 79.8 77.4 80.2 80.2 79.2 76.9 80.0 77.3 77.2 81.3 48.4 40.7
Se 16. 09 17.2 17 17.72 17.26 18. 41 16. 12 16. 65 21.48 17.7 24.95 37.75
Ti 4223 4487 4499 4599 4461 4922 4148 5078 6277 4163 14406 20217
\4 127 153 118 129 139 132 129 138 150 117 225 286
Cr 2316 2441 2424 2578 2464 2705 2267 2407 1396 2371 129 40.7
Mn 1356 1399 1346 1483 1500 1273 1247 1373 1255 1325 1678 1486
Co 105.7 110. 1 96. 45 103.6 104.6  91.93 114.6 104 76.97 106. 6 32.25 32.77
Ni 1027 1063 1043 1056 1059 1057 1053 1093 668 1113 55.62 19.25
Cu 42. 68 58. 65 33.65 43.39  66.25 61.28 53.51 40. 14 31.09 33.71 13.94 130
Zn 90.77 95.85 91.12 95.44 106 104 83.26 95. 45 81.11 83.9 131 129
Ga 7.45 8.01 7.36 8. 11 8. 06 8. 15 7.48 7.81 9. 84 6. 88 22.07 21.02
Ge 1.04 1 0.97 1. 04 1 1.05 1. 06 1.03 1.26 1.1 1.56 1.36
Rb 2.17 2.47 1.91 2.59 2.01 1. 14 2.18 3.87 0.37 1. 86 29.29 16. 62
Sr 188 192 185 186 197 209 110 149 21.3 105 881 831
Y 11.26 10. 99 11.34 11. 07 11.36 13.58 9.94 9.72 17.27 10. 33 35.23 46. 95
Zr 58.72 61.86 58.16 67.62 64.18 65.04 46. 15 55.31 82.23 47. 54 255 305
Nb 3.65 3.81 3.87 3.94 3.83 4.2 3.59 4.4 4. 86 3.07 37.39 44.01
Cs 3.55 4.22 3.08 4.11 3.38 1.75 3.29 5.92 0.21 3.61 1.8 0.7
Ba 116 158 191 133 96. 6 50.7 41.9 114 5.83 14.7 626 405
Hf 1.3 1.4 1.33 1.48 1.46 1.5 1.03 1.21 1.82 1. 11 5. 66 6.85
Ta 0.27 0.28 0.27 0.29 0.28 0.31 0.25 0.31 0.34 0.23 2. 66 3. 16
Pb 0.72 0.7 0.51 0. 567 1.71 0. 89 0. 66 0. 46 0. 81 0.57 3.23 4.04
Th 0. 36 0.42 0.38 0.39 0.41 0.44 0.38 0.37 0.44 0.29 3.4 3.95
U 0.09 0.09 0.08 0.09 0.09 0.09 0.09 0.09 0.1 0.09 0. 86 0.95
La 3.89 5.64 5.23 3.56 5.04 7.09 4.75 3.89 5.94 3.46 31.89 33.9
Ce 9.12 12. 47 11.63 8.69 11.63 15. 41 10. 98 8.93 14.58 8.36 66. 64 81.1
Pr 1.3 1.65 1.56 1.24 1.53 1.96 1.47 1.25 2.06 1.22 8.72 10. 31
Nd 6. 04 7.08 6.83 5.85 6.91 8.38 6. 47 5.72 9.31 5.6 35.06 43.34
Sm 1.6 1. 64 1. 64 1. 56 1.69 1.89 1. 56 1.4 2.46 1.39 7.21 9.4
Eu 0. 65 0.59 0. 68 0.62 0. 66 0.77 0.51 0.5 0.8 0.54 2.28 3.11
Gd 1. 88 1. 85 1.93 1. 84 1.98 2.23 1.75 1. 64 2.84 1. 66 7.1 9.42
Th 0.33 0.31 0.33 0.32 0.33 0.37 0.28 0.29 0.5 0.29 1.13 1.48
Dy 2 1.91 1.94 1.93 2.01 2.23 1.79 1.75 3.15 1.8 6. 44 8.52
Ho 0.41 0.41 0.42 0.42 0.42 0.48 0.37 0.35 0.67 0.38 1.28 1.67
Er 1.12 1.08 1.1 1. 15 1.16 1.27 0.99 0.99 1. 81 1. 05 3.4 4.37
Tm 0.16 0.17 0.17 0.17 0.17 0.19 0.15 0. 14 0. 26 0.15 0.49 0. 64
Yb 1.02 1.01 1.01 1.07 1.07 1.13 0. 89 0.9 1.59 0.97 3.02 3.81
Lu 0.16 0.16 0.16 0.16 0.16 0.19 0. 14 0.14 0.24 0.15 0. 47 0.59
SREE 29.8 36 34.6 28.6 34.8 43.6 32.1 27.9 46.2 27 175. 1 211.7

 Mg® = Mg/ ( Mg+ Fe) x 100
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3 - - Sr-Nd
Table 3 Sr and Nd isotope analysis for the metamorphic mafic-ultramafic lava in Junying-Bangxi area
Rb( x107%) Sr( x107°)  ¥8r/%Sr+25  ¥Sr/%Sr(1)  Sm( x107°)  Nd( x10°°)  "Nd/'"™Nd z2¢ ena(t)
05BX-02 16. 62 830.9 0.70977 +15 0. 70956 9.4 43.34 0.51276 =14 4.7
05BX-044 2.18 110. 4 0. 70705 +20 0. 70683 1. 56 6.47 0.51285 =14 5.9
05BX-042 3.87 149. 4 0.70699 +21 0.70671 1.4 5.72 0.51288 +11 6.5
05BX-04-3 0.37 21.32 0.70663 +24 0. 70645 2.46 9.31 0.51286 +13 5.6
05BX-044 1. 86 104.5 0.70734 +26 0.70715 1.39 5. 60 0.51288 +10 6.4
BX-01 2.17 187.8 0. 70693 +24 0. 70681 1. 60 6. 04 0.51283 =16 5.1
BX-02 2.47 192. 4 0.70687 +15 0.70673 1. 635 7.08 0.51280 +15 5.2
BX-03 1.91 185.3 0.70685 +15 0.70674 1. 64 6.83 0.51271 +12 3.2
BX-04 2.59 185.9 0.70714 +25 0. 70699 1. 56 5.85 0.51284 =13 5.2
BX-05 2.01 196. 8 0.70681 +22 0. 70670 1.69 6.91 0.51281 =13 5.0
BX-06 1.14 209. 1 0. 70667 +21 0. 70661 1. 89 8.39 0.51284 +13 6.0

Ny = 1.42 x 107" /a Ng, =6.54 x 107"?/a 1 = 270Ma

("™ Sm/™*Nd) cyyp =0. 1967

(¥7Sr/%Sr) g =0.7045 (¥ Rb/%Sr) =0.0827

(™ Nd/"™ Nd) cyog = 0. 512638
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