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Sung-Hyo Yun and Jeong Seon Koh, 2014, Petrochemical characteristics of volcanic rocks of historic era at Mt.
Baekdusan. Journal of the Geological Society of Korea. v. 50, no. 6, p. 753-769

ABSTRACT: The genesis and magma evolution were investigated with respect to volcanic rocks erupted for
historical era from summit caldera at Mt. Backdusan volcano, using a comprehensive data set of major and trace
elements, Sr, Nd, and Pb isotopic compositions. Based on the geological survey for summit caldera area, historic
eruption materials are mainly composed of pumice, and trachyte and alkali rhyolite of the Backdusan stratovolcano
is overlain by this historic pumice. Total alkali content change for an increase of the SiO; indicates a differentiation
tendency of alkali basalt magmas, and corresponds to the high-K-series. REEs pattern normalized to the chrondrite
are more enriched in HREEs than LREEs with weak positive Eu anomaly in trachybasalt, but mild to strong negative
Eu anomaly from trachyte to rhyolite. It can be divided two group, group-A ( 1 ka Millennium pumice, 1668 and
1905 pumice) and group-B (40 ka trachyte, 17 ka obsidian comendite, 25 ka pumice, 1702 pumice) according to
the relative enrichment of HREEs. The geochemical characteristics and modelling result indicated that fractional
crystallization of plagioclase, pyroxene, hornblende, and biotite occurred from trachybasalt to trachyte in
composition, but fractional crystallization of K-feldspar is more important factor from trachyte to rhyolite. Within
magma chamber, the upper part has been to be more mafic and the lower part to be more felsic by the fractional
crystallization. The felsic magma eruption with more vapour component took place prior to the mafic magma
eruption. Volcanic activity in Mt. Backdusan summit during historical era was resulted from intraplate magmatism
and trace elements do not indicate significant contributions from a subduction slab. Sr, Nd, Pb isotope ratios with
same to basalt of the lava plateau indicate that lavas in summit were originated by melting of the same source material

' Corresponding author: +82-51-510-2760, E-mail: jskoh812@pusan.ac.kr
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without little or no assimilation-contamination of crust material, being similar to source rocks of basaltic rocks

in NE China.
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Eol &dloto|EA AR¢to] A SRt o] 39
817 A E]o] Baxgtth(Liu et al., 1983; Nohda et
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Fig. 1. Outcrop of pumice and pyroclastic flow sheet at the summit of Cheonji caldera. (a) Arrow indicates 1668
dark trachytic ignimbrite sheet. (b) 25 ka (Wei and Gill, 2013) grey to yellow pumice, 1 ka Millennium grey pumice,
and 1702 dark grey pumice at the Cheonmunbong (Tianwenfeng in Chinese). (c) 1 ka Millennium white~grey pumice
deposits near the summit of the southwestern somma. Location of outcrops are shown arrows in Figure 2.
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Fig. 2. Geologic map of the summit area of the Cheonji caldera, Mt. Baekdusan volcano, modified from Wei et
al.,2013. The <20 ka ages assigned to some units are speculative and sample number are shown (i.e., 14-24, 09-20).
Location of outcrop photo at Fig. 1 is shown with arrows.
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Fig. 3. Total alkali (K2O+NayO) vs. SiO; diagram for
historic era volcanic rocks from Mt. Baekdusan summit
(LeBaset al., 1986). The arrow a and b are the composi-
tion variation from basalt to rhyolite of the alkaline
suites in Pantelleria Island, Italy (Ferla and Meli, 2006)
and Gedamsa volcano, Ethiopia (Peccerillo et al.,
2003), respectively. Symbols as in Table 1.



Table 1. Major- and trace- element abundances and Sr-Nd-Pb isotopic compositions of the historic era volcanic rocks from Mt. Baekdusan summit, Korea.

8SL

SampleNo.  01-1-1  02-1-2  03-4-1 _ 04-4-2 05-6 06-9 07-17___ 08-18 09-20  10-T27 _ 11-T28  12-T29 13-T30 _ 14-24 15-35-2  16-35-1 _ 17-B-7 18-B-8  19-B-10  20-B-4
Symbols O O v e \Y4 * [ 1l v A [ ] > 0 + \4 v v | | | |
Rock type Pumice Pumice  Pumice  Pumice Comendite Trachyte Pumice Pumice Ignimbrite Pumice Pumice Pumice Pumice Trachyte  Pumice Pumice Ignimbrite Ignimbrite Ignimbrite  Basalt
Age 1702 1702 1Ka 1Ka 17 ka 40Ka 25Ka _ 25Ka 1668 1903 1903 1903 unknown 1Ka 25Ka 1Ka 1Ka 1668  <lka
Si0, 7074 71.1 64.33 63.94 68.5 68.96 67.23 68.4 64.89 63.01 _ 63.01 5879 6249  64.79 69.61 63.73 6615 63.77 63.21 49.19
ALO; 1113 11.38 15.96 16.24 12.74 13.09 122 11.74 1617 1548 1527 1683 1538 1593 9.58 1236 15.57 14.69 15.76 16.15
TiO, 022 023 0.41 0.5 0.33 0.33 0.33 0.31 0.49 0.5 0.55 1.23 0.57 0.49 037 04 0.45 0.54 3.19
Fe,0s' 445 459 4.9 5.23 5.72 5.57 5.75 5.73 5.02 5.53 5.85 6.58 5.75 5.28 6.94 8.6 5.01 5.53 5.39 11.28
MnO 0.08 0.8 0.12 0.12 0.12 0.12 0.12 0.11 0.11 0.15 0.14 0.11 0.13 0.12 0.15 024 0.12 0.13 0.13 0.13
MgO 0.03 0.7 0.21 0.33 0.04 0.05 0.02 0.02 0.31 0.27 0.33 1.73 0.38 0.28 0.05 024 0.8 0.28 0.39 4.12
CaO 0.3 0.32 1.16 1.57 0.58 0.49 0.48 0.42 1.36 131 137 3.34 1.45 1.32 0.36 048 097 1.19 1.51 7.7
Na,0 536 5.53 5.77 5.85 6.91 6.22 4.91 5.63 5.79 5.6 5.5 5.25 5.44 5.9 5.24 419 578 6 6.25 3.74
K0 4.4 4.46 5.68 5.57 4.8 4.89 4.75 4.56 5.65 5.58 5.45 4.56 5.39 5.67 4.3 3.61 549 5.28 5.85 2.19
P,0s 0.01 0.0l 0.06 0.08 0.02 0.02 0.02 0.01 0.08 0.08 0.09 0.27 0.1 0.08 0.02 0.05 _ 0.05 0.06 0.09 1.19
L.O.L 322 22 1.28 0.48 0.14 0.21 4.11 2.98 0.07 2.36 2.3 1.17 2.78 -0.03 3.49 6.05 _ 0.09 2.57 0.68 0.99
Total 99.94  99.98 99.89 99.93 99.91 99.95 99.91 99.91  99.96 99.86  99.85 99.86  99.85  99.83 99.99 99.93  99.81 99.96 99.8 99.88
Rb 3787 376.7 134.9 129.3 288.4 277 131.5 3224 1359 1305 135.1 82.4 134 138.4 399 4079 164.6 185.4 322.3 4.9
Sr 5.8 5.6 21.8 372 1.2 1.1 49.4 1.7 69.3 492 35.5 399.6  36.1 45 4.3 223  28.1 23.5 1.7 1110.3
Y 1421 1389 41.6 40.3 118.2 97.9 40 1498 436 41.3 52.4 34.3 44.2 45.4 189.2 1962 54.6 61.9 133 31.9
Zr 2330.1 2463.6  641.4 605.2 2363.5 22987 619 7272 680.7 624 792.1 4231 6657 691.8 744 891.4 9629 1005.6 627.7 277.6
Nb 307 303 43.5 48 72.7 98.2 56.3 513 60.9 522 59 44.8 73.1 57.8 353 3011 65.6 61 27.4 282
Cs 15 15.4 4.5 43 115 4.3 42 1.9 4.9 4.7 4.9 2.7 4.7 4.3 15.4 202 58 6.7 12.6 12
Ba 108 118 59.8 111.8 3.5 2.4 110.9 2 146.5 1299 653 635.7 827 96.4 4 314 654 45.9 1.3 1594.6 Ho
Hf 55 56.2 15.1 14.1 50.5 49.6 14.2 62.5 16 14.5 18.7 102 15.7 15.9 67.3 802 223 23 53.5 6.8 0x
Pb 4.2 8.2 15.6 16.9 22.8 43 13.4 122 1.9 11.8 18.5 12.7 152 12.2 8.1 549 152 16.6 25.7 3.6 fol
Th 574 574 15 13.9 42.6 41.3 14.2 53.9 152 14 18.8 9 15.3 15.9 61.1 66.9  20.9 23.3 49 5.3 .
U 129 127 3.2 3 9.3 5.9 3 1.7 33 3.1 3.9 22 33 33 132 124 44 4.8 10 1 kl
La 187 189.6 87.6 83.8 214.2 209.4 88.3 2779 933 89.3 119 70.8 100 104.2 357.3 3814 1228 160.2 268.7 53.5 o
Ce 3948 396.9 174.1 170.1 427.2 430.6 179.1 5457 183.8 1729  233.7 1418 1943 2011 692.8 887.2 2448 303.7 506.3 118.1 ~
Pr 44 44.5 20.2 192 46.2 453 19.9 57.8 20.7 19.9 25.9 16.4 21.7 22.6 74.5 82.1 256 32.4 54.4 14.5 -
Nd 1633 167.3 76.1 73.6 169.2 164.2 75.1 2053 762 74.4 95.2 64.6 81.2 84.5 271.2 2947 922 116.7 190.4 63.5
Sm 358 36 14.1 14 33 31.8 14.3 40.9 14.4 14.3 18.3 129 15.3 16.1 53.3 592 176 21.6 37 13.6
Eu 0.4 0.4 0.7 0.9 0.6 0.6 0.9 0.6 0.9 1 0.7 2.6 0.7 0.8 0.8 12 0.6 0.5 0.6 5.2
Gd 259 26 9.4 9.2 22.5 21 9.3 28.1 9.6 9.4 1.7 8.8 103 10.4 36.9 39.6 113 132 25.1 10.4
Tb 4.4 4.3 1.5 1.4 3.8 3.5 1.4 4.7 1.5 1.5 1.9 1.3 1.5 1.6 6.2 6.8 1.9 2.1 42 1.4
Dy 268 263 8.3 8.3 22.4 20.3 8.4 28.3 8.7 8.3 10.5 7.2 9.1 9.1 36.2 388 105 123 252 7
Ho 5.1 5.1 1.6 1.6 4.4 3.8 1.5 5.4 1.6 1.5 2 1.3 1.6 1.7 6.8 7.3 2 22 4.7 1.2
Er 14 14 4.2 4 11.6 102 4.1 14.9 4.2 4.2 5.2 3.4 4.5 4.6 18.6 194 55 6.2 13.3 3
Tm 1.9 1.9 0.5 0.6 1.6 1.4 0.5 2 0.6 0.6 0.7 0.4 0.6 0.6 2.5 2.7 0.8 0.8 1.8 0.3
Yb 123 119 3.6 3.5 9.8 9 3.6 12.8 3.7 3.5 4.6 2.7 4 4 152 16.1 4.9 5.3 11.4 2.1
Lu 1.6 1.6 0.5 0.5 1.4 1.3 0.5 1.7 0.5 0.5 0.6 0.4 0.6 0.6 2.1 2.1 0.7 0.8 1.6 0.3
(La/Yby 1091 11.43 17.45 17.17 15.68 16.69 17.59 1557 18.09 1830 18.56 1881  17.93  18.69 16.86 16.99  17.98 21.68 16.91 18.27
EwEU* 0.038  0.038 0.175 0.228 0.064 0.067 0.224 0.051 __ 0.220 0.248  0.137 0705 0.161 _ 0.177 0.052 0.071 _ 0.122 0.084 0.057 1.285
SRb/ st 22577 25.474 741.20 898.00  527.44 6.4999 14.142 9.6830 161.64 0.1203
Y181/ sr 0.705414 _0.705500 0.707685 _ 0.707011 _0.708578 0.705082 0.705177 0.705052 _ 0.707268 0.704980
+20 0.000008 0.000007 0.000032 _ 0.000011 _0.000024 0.000006 0.000007 0.000008  0.000008 0.000006
"TSm/"*Nd 0.1274  0.1160 0.1184 0.1163  0.1173 0.1149 0.1109 0.1128 0.1188 0.1303
"Nd/"“Nd 0.512564  0.512572 0.512533  0.512588  0.512580 0.512576 0.512584 0.512577 _ 0.512601 0.512611
20 0.000004 _0.000005 0.000006 __ 0.000004 _0.000004 0.000004 0.000005 0.000003 _ 0.000003 0.000004
2%pp/2%ph 17.546 17567 17.542 17.547 17534 17.523 17.542 17.524 17.477 17.495
27pp2%phy 15.534  15.524 15.511 15.522  15.509 15.516 15.538 15.521 15.510 15.510
**pb/Pb 37.912  37.875 37.842 37.881  37.837 37.854 37.920 37.870 37.821 37.836

L.I.O=loss in ignition.
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Fig. 4. Major elements oxides vs. SiO, variation diagrams for historic era volcanic rocks from Mt. Backdusan summit.
Symbols as in Table 1.
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Fig. 6. Chondrite-normalized REE patterns of historic era volcanic rocks from Mt. Baekdusan summit. Normalization
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Symbols as in Table 1.
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Symbols as in Table 1.
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Fig. 9. Plots of ¥S1/*Sr (a) and "*Nd/'**Nd vs. ¥Sr/**Sr isotopic variation diagram for the historic era volcanic
rocks from Mt. Baekdusan summit. The approximate fields for HTUM, EM I, EMII are from Armienti and
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