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Geochemical Characteristics of the Sub-alkaline Basalt in the Udo Island,
Jeju

Jin-Soo Lee*

Korea Institute of Geoscience and Mineral Resources

Udo is the site of a short-lived monogenetic submarine volcanic vent which builts basaltic clastic deposits below
sea level, by early Surtseyan-type explosive eruption and later effusive lava eruptions. Mineral assemblage, major
and trace element chemistry indicate that the Someori sub-alkaline lava flows were related to the WPTB(within
plate tholeiitic basalt) rather than IAT(island-arc tholeiite) and that the geotectonic regime of Korean Peninsula went
away from the subduction zone after the Later Miocene.
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Fig. 1. Geology map of Udo(modified from Hwang, 1993;
Won et al., 1993; Koh et al., 2005) and sample sites.
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Table 1. Major element data and CIPW norm of the basalt flows in the study area (unit in wt%)

No. udo-01 udo-02 udo-03 udo-04 udo-05 udo-06 udo-07 udo-08 udo-09 udo-10 udo-11 udo-12 udo-13
SiO, 51.28 4998 50.23 51.71 4896 50.16 4848 4741 4855 4593 4729 4881 5123
TiO, 1.99 2.06 2.02 1.95 1.82 2.06 2.18 2.25 2.21 2.39 2.31 2.15 1.99
ALO; 14.67 152 1496 1476 1396 1482 1498 1598 1542 1594 1585 1501 14.30
Fe,0,7 1234 1276 1239 11.96 1225 1294 1353 13.69 1338 1465 14.11 132 1251
MnO 0.16 0.17 0.16 0.15 0.16 0.16 0.17 0.17 0.17 0.18 0.18 0.17 0.16
MgO 6.82 7.00 6.52 6.45 8.56 6.94 7.28 7.06 6.91 7.46 73 7.03 6.68
CaO 8.70 9.01 9.03 8.79 9.00 8.71 7.91 8.19 8.29 7.70 7.75 8.34 8.62
K,0 0.48 0.35 0.36 0.54 0.35 0.36 0.38 0.24 0.35 0.23 0.23 0.30 0.55
Na,O 2.88 3.04 2.83 2.89 2.68 2.76 2.38 2.37 2.47 2.08 2.29 2.87 2.87
P,0; 0.23 0.23 0.26 0.23 0.23 0.23 0.28 0.21 0.24 0.2 0.19 0.26 0.25
Igl 0.14 0.52 0.88 0.02 1.73 0.42 2.05 2.12 1.84 3.41 2.07 1.36 0.23
Total  99.69 100.32 99.64 9945 99.70 99.56 99.62 99.69 99.83 100.17 99.57 99.5  99.39
CIPW norm

Q 2.83 0.12 3.78 4.97 0.71 3.60 3.87 2.62 3.51 2.21 2.94 2.06 448
Or 5.45 4.68 2.13 3.19 2.07 2.13 2.25 1.42 2.07 1.36 1.36 1.77 3.25
Pl 4875 5121 51.00 50.16 4770 5034 4921 5231 5085 51.08 51.67 5147 48.80
Di 1398 1433 13.00 1327 1458 11.92 6.75 5.67 7.78 2.77 398 10.11 1346
Hy 1845 19.02 18.16 17.56 22.74 20.17 23.87 23.87 2227 2694 2560 2137 1850
1l 3.78 391 3.84 3.70 3.46 391 4.14 427 4.20 4.54 4.39 4.08 3.78
Mt 5.36 5.55 5.39 5.21 5.34 5.63 5.89 5.96 5.81 6.38 6.13 5.74 5.44
Ap 0.53 0.53 0.60 0.53 0.53 0.53 0.65 0.49 0.56 0.46 0.44 0.60 0.58
Total 99.13 99.35 9790 9859 97.13 9823 96.63 96.61 97.05 9574 96.51 9720 98.29

Total iron recalculated according to Fe,05/FeO=0.20(Middlemost,1989).

Igl : Ignition loss
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Fig. 2. Total alkali vs. SiO, diagram for Udo Someori
basalt.
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Flg. 3. Normative composition of Udo Someori basalt
projected in the basalt tetrahedron(Yoder and Tilley, 1962).
Symbols are the same as in Fig. 2.
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Fig. 4. Al,O; vs. SiO, variation diagram for Udo Someori
basalt. WPB:within plate basalt, CAB:calc-alkaline basalt.
Symbols are the same as in Fig. 2.
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Table 2. Trace element data of the basalt flows in the study area(unit in ppm)

No. udo-01 udo-02 udo-03 udo-04 udo-05 udo-06 udo-07 udo-08 udo-09 udo-10 udo-11 udo-12 udo-13
Rb 9.0 5.1 5.1 10.6 5.8 53 6.6 2.8 5.6 2.0 1.9 35 10.8
Sr 296 305 318 314 373 291 246 244 256 215 239 262 288
Zr 86 82 83 83 74 89 95 85 88 85 91 89 81
Nb 14.7 14.4 14.4 14.7 12.9 16.0 17.3 14.8 15.1 14.9 15.8 15.5 142
Cs 0.2 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2
Ba 131 99 163 126 96 127 117 109 113 132 150 118 143
Hf 22 2.1 22 22 2.0 2.5 2.6 2.2 2.3 23 2.3 25 2.1
Ta 1.9 1.3 2.0 1.8 2.0 2.6 23 1.1 1.0 0.8 19 1.9 1.1
Pb 23 1.9 2.7 2.0 24 23 1.6 1.6 1.8 1.6 4.8 24 33
\% 162 171 168 162 158 161 169 173 174 184 171 162 155
Cr 282 280 273 274 284 268 282 274 278 297 282 269 259
Co 58 62 53 62 53 60 54 51 51 55 52 53 51
Ga 21 22 22 21 21 21 22 22 22 23 23 21 20
Sc 21 24 24 22 22 22 23 23 24 26 23 22 20
Ni 278 298 248 244 281 273 290 241 247 283 280 282 300
Cu 33 27 24 30 35 31 27 32 28 31 33 37 32
Sc 20 20 19 19 18 20 20 20 20 22 21 21 19
Y 22 23 21 22 21 21 22 29 20 25 23 22 24
Th 34 2.6 2.5 2.5 23 34 2.5 2.6 25 3.1 2.7 2.5 23
U 0.5 0.5 0.6 0.5 1.3 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.5
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Fig. 5. Zr, Nb, Y and V vs. SiO, variation diagram for Udo
Someori basalt.

Nb(26.9-34.2 ppm), Ba(273-297 ppm)L & & 3F(Lee,
198952 AlFEo] ¢z 4R v R v

Fig. 6. Sr, Rb, Cs and Sc vs. SiO, variation diagram for
Udo Someori basalt.
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Table 3. Rare earth element data of the basalt flows in the study area(unit in ppm)

No. udo-01 udo-02 udo-03 wudo-04 udo-05 udo-06 udo-07 udo-08 udo-09 udo-10 wudo-11 wudo-12 wudo-13
La 12.4 13.0 12.2 13.1 12.0 11.6 11.0 23.1 9.5 14.7 14.6 12.0 13.4
Ce 27.8 27.5 27.3 28.3 25.4 28.1 26.0 335 23.6 294 33.1 27.2 28.8
Pr 3.8 3.9 3.7 3.8 3.5 3.7 3.5 6.2 3.2 4.2 4.5 3.6 3.9
Nd 16.5 17.2 16.0 16.9 15.0 16.3 15.7 255 14.0 18.7 19.6 16.1 17.8
Sm 49 4.8 4.6 4.6 42 4.7 4.6 7.3 42 52 5.6 4.7 5.0
Eu 1.7 1.7 1.6 1.7 1.5 1.7 1.7 2.2 1.6 1.9 2.0 1.7 1.7
Gd 5.0 5.1 4.8 49 4.8 49 5.0 7.1 4.6 5.6 5.7 49 5.4
Tb 0.8 0.9 0.8 0.9 0.8 0.8 0.8 1.2 0.8 1.0 1.0 0.8 0.9
Dy 4.5 4.5 43 44 4.2 43 4.5 6.2 42 5.0 5.0 44 4.7
Ho 0.8 0.9 0.8 0.8 0.8 0.8 0.9 1.2 0.8 1.0 1.0 0.9 0.9
Er 2.1 2.1 2.0 2.1 2.1 2.1 2.2 2.8 2.0 2.4 2.3 2.0 2.3
Tm 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.4 0.3 0.3 0.3
Yb 1.7 1.8 1.6 1.7 1.5 1.7 1.7 2.2 1.6 1.9 1.9 1.7 1.8
Lu 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.3 0.2 0.2
2REE 827 84.1 80.2 83.8 76.3 81.3 78.1 1193 705 91.8 96.8 80.5 87.1
La/Yb 4.8 4.8 5.1 52 5.3 4.7 4.4 7.1 4.1 5.1 5.3 4.8 5.0
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Fig. 8. Zr vs. Nb variation diagram for Udo Someori
basalt. Symbols are the same as in Fig. 2.
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Fig. 9. Chondrite-normalized REE patterns for Someori
basalt in Udo island. Normalization factors after Sun and
Mcdonough(1989).
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Fig. 10. Chondrite-normalized REE patterns for Udo Someori
basalt, Jeongog and Jeju alkali basalts and Yeonil basalt.
Normalization factors after Sun and Mcdonough(1989).
Symbols are the same as in Fig. 2.
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Fig. 11. Discrimination diagram using Nb, Zr and Y(Meschede,
1986). WPBA :within-plate alkali basalt. WPBT:within plate
tholeiitic basalt. VAB:volcanic-arc basalt. Symbols are the
same as in Fig. 2.
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Fig. 12. Discrimination diagram using Ti, Zr and Sr(Pearce and
Cann, 1973). WPBA:within-plate alkali basalt. WPBT:within
plate thloeiitic basalt. VAB:volcanic-arc basalt. Symbols
are the same as in Fig. 2.
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Fig. 13. Discrimination diagram using Ti, Zr and Y(Pearce and
Cann, 1979). WPBA:within-plate alkali basalt. WPBT:within
plate thloeiitic basalt. VAB:volcanic-arc basalt. Symbols
are the same as in Fig. 2.

=
4

Sample/MORB

1 {;&J

[X]

Sr KRbBaThTaNbCe P Zr HfSmTi Y Yb Sc¢ Cr

Fig. 14. Mid-ocean ridge basalt-normalized trace element
patterns for Udo basalt flows. Normalized factors after
Pearce(1982).
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Fig. 15. Mid-ocean ridge basalt-normalized trace element
patterns for Udo, Yeonil, Jeongog and Jeju basalts. Normalized
factors after Pearce(1982). Symbols are the same as in Fig. 2.
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