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Sang Koo Hwang and In Hwa Jo, 2014, Petrologic evolution processes of the latest volcanic rocks in Ulleung
Island, East Sea. Journal of the Geological Society of Korea. v. 50, no. 3, p. 343-363

ABSTRACT: The Nari Group, stratigraphically latest group in Ulleung Island, consists upwardly of Bongrae Scoria
Deposits, Maljandeung Tuff, Nari Scoria Deposits, Albong Trachyandesite and Jugam Scoria Deposits, and exhibit
alkali series ranging in composition (SiO, 52.8 ~61.2%) from trachyandesite through trachyte to phonolite. The
three main units, the Maljandeung Tuff, Nari Scoria Deposits and Albong Trachyandesite, show upwards coherent
variation trends with respect to major and trace element chemistry, and very similar aspects to each other with respect
to spider diagram and REE patterns; while the rest units, Bongrae Scoria Deposits and Jugam Scoria Deposits,
exhibit small deviation form the variation trends. Quantitative modelling suggests that most of the variations and
patterns can be attributed to have experienced fractional crystallization and crystal accumulation processes acting
on a parental magma chamber. So, the compositional variations in lower to upper rock units of the Nari Group
suggest that the magma chamber formed continuous compositional zonations from the lower trachyandesite to
trachyte and phonolite magmas. First, the chamber had produced Maljandeung Tuff from explosions of voluminous
phonolitic and trachytic magmas near its roof, and then occurred a caldera collapse, which led to produce Nari
Scoria Deposits and Albong Trachyandesite from eruptions of trachyandesitic magmas at the lower part. But it
is likely that the Bongrae Scoria Deposits and Jugam Scoria Deposits were erupted from a few of chemically distinct
magma batches having experienced different evolutions. As result, the abrupt descend of tapping depth in composi-
tionally zonal chamber due to the caldera collapse could explain upward-mafic sequence between three main for-
mations, and compositional gaps between trachytic and trachyandesitic formations in some variation trends of
many elements.

Key words: Nari Group, Variation trend, Magma chamber, Fractional crystallization process, Composional zona-
tion
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Fig. 2. Photomicrographs and outcrop. (a) Scoria showing highly vesicular texture in hyalopilitic groundmass, open
nicol; (b) Tuff showing alkali feldspar, plagioclase, pyroxene and kaersutite crystals, shard, pumice, and trachyte
fragments, cross nicol; (c) Scoria deposits accumulating on the Maljandeung Tuff in the northern caldera margin;
(d) Scoria exhibiting highly vesicular texture in hyalopilitic groundmass, open nicol; (¢) Lava including plagioclase,
pyroxene and titanmagnetite phenocrysts in a groundmass of trachytic texture, open nicol; (f) Scoria showing highly
vesicular texture in tachylite groundmass, open nicol.
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Table 1. Stratigraphic units and sample locations in the Nari Group of Ulleung Island.

Stratigraphic Units Distribution Forms Sample No. Latitude Longitude

UL607 37°32'20” 130°53'54”

Jugam Scoria extracaldera Scoria cone UL608 37032:24: 130053i52:
Deposits UL609 37°32°24 130°53°49

UL615 37°3226” 130°53'37”

UL16 37°30°54” 130°51'57”

UL17A 37°31'00” 130°52'28”

Albong intracald Lava fl dd UL17B 37°30'59” 130°52'10”

Trachyandesite fntracaidera — Lavatiowanddome 1 51 37°31'09” 130°51'33”

UL22 37°31°08” 130°51'32"

UL23 37°31'09” 130°5127”

Nari Scoria . . UL571 37°30:50: 130°51:56:

Deposits intracaldera Scoria cones UL572 37"30,49” 130051,56”
UL573 37°30°49 130°51'57

ULI111 37°30'16” 130°51'44”

. Tuff and pumice ULI12 37030: ! 7: 130°31 :48:
Maljandeung Tuff extracaldera beds UL117 37"30/17/ 130°51°53

UL125 37°30'20” 130°5213”

UL521 37°31'25” 130°51'31”7

UL776 37°29'55” 130°53'07”

Bongrae Scoria flows and ash UL780A 37029:58: 130°52:46:
Scoria extracaldera flow sheet UL780B 37°29'58 130°52°46

Deposits UL781 37°30'06” 130°52'46”

UL785 37°28'55” 130°52'44”
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Table 2. Major element compositions (wt.%) and trace element abundance (ppm) for the volcanic rocks of Nari Group
in Ulleung Island.

Strati- . . . Nari Scoria
graphy Bongrae Scoria Deposits Maljandeung Tuff Deposits

Samples UL776 UL780A UL780B UL781 UL785 UL111 UL112 UL116 UL125 UL521 UL571 ULS572
Si0; (%) 60.51 6124 6123 5939 59.60 59.86 59.31 59.73 5990 57.95 5275 56.24
TiO, 0.51 0.48 0.48 049 051 047 036 043 044 037 1.51 1.34
ALO;3 19.53 19.16 1898 18.77 18.75 18.73 19.05 18.77 1893 1897 20.17 19.20
Fe,Os' 327  3.03 3.17 312 313 324 319 320 271 314 6.14 543
MgO 026  0.26 0.26 025 027 028 017 022 0.18 031 159 143
MnO 0.14  0.13 0.14 0.14 0.13 0.15 0.17 0.15 0.14 0.16 0.16 0.15

CaO 1.43 1.41 1.37 134 146 132 114 124 124 234 390 351
Na,O 6.31 5.77 6.45 583 578 627 735 670 658 500 460 528
K»O 6.94  6.94 6.80 671 690 6.63 6.14 649 6.63 552 467 546

P>0s 0.09  0.09 0.09 0.09 0.10 0.11 0.06 0.09 006 0.10 039 036
Total 98.99 9851 9897 96.13 96.63 97.06 96.94 97.02 96.81 93.86 95.88 98.40

Li (ppm) 10.5 10.6 9.7 102 9.6 124 161 138 140 144 75 8.8

Sc 0.5 0.5 0.5 0.6 0.7 0.9 0.5 0.9 0.6 1.2 59 53
v 2.9 3.9 3.0 2.9 3.5 4.3 3.1 34 39 112 863 753
Cr 0.5 0.4 1.4 1.2 0.6 0.8 1.2 0.5 0.7 1.4 9.1 7.2
Co 6.5 9.7 9.8 4.0 5.4 2.0 59 1.6 1.9 147 167 14.1
Ni 0.6 0.5 0.6 0.5 0.4 0.6 23 0.5 0.6 1.1 9.3 7.6
Cu 3.3 2.7 6.2 394 191 302 243 477 513 21.8 150 16.7
Zn 71.5 63.9 73.5 624 652 778 843 791 760 93.0 733 756
Ga 19.3 18.6 18.5 18.0 181 204 223 209 202 261 213 218
Rb 125 87 130 111 117 117 139 135 157 176 73 94
Sr 52 69 55 44 87 54 14 34 16 87 576 506
Ba 96 122 98 75 156 99 40 57 15 138 871 787
Y 17 15 16 15 17 20 20 21 17 28 21 22
Zr 646 574 633 626 589 795 1005 868 863 1288 588 559
Mo 7.8 7.5 8.0 8.7 7.6 114 152 128 137 44 6.5 8.5
Cs 1.3 1.0 1.2 1.3 1.1 1.6 1.9 1.9 1.9 2.1 0.9 1.3
Pb 10.5 11.7 10.5 7.4 8.6 13,5 135 136 137 154 9.1 9.3
Th 15.6 13.6 14.1 129 137 205 253 241 215 324 159 16.6
U 2.8 2.3 24 2.0 24 3.4 4.9 4.8 43 32 2.5 2.6
4. M 3lst 3ol Al 570, YA 5ol A 370, G2t

=
oA 671, ZARAZANN 470§ 1) ZF) T
SEE UelE 20 Mol tiet shebe 24 2R 23712 Adele] EHSArHE 2). 2da
Wolol rAgAS ATiR] gIof SAEAS M AL FEAAGAATANA XA BRI
shith. PUREL BAEAZNN 57, RSS2, vidact SERAS BAL ]z
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Table 2. Continued.

Strati- Albong Trachyandesite Jugam Scoria Deposits

graphy Average
Samples UL573 UL16 UL17 UL17B UL21 UL22 UL23 UL607 UL608 UL609 UL615

Si0; (%) 55.98 57.19 57.03 57.50 58.71 58.78 57.39 5587 56.09 5446 5544 5792
TiO, 129 125 124 111 094 092 1.15 125 127 159 170 0.92
ALO; 19.58 19.12 19.07 19.07 19.27 19.29 1893 1895 1937 1889 1941 19.13
Fe,05' 528 532 543 492 434 426 497 597 6.10 681 497 4.4
MgO 133 132 128 1.14 083 081 1.17 134 124 169 1.17 0.82
MnO 0.1s 0.15 0.15 0.14 0.14 0.14 0.14 0.17 0.18 0.17 0.11 0.15
CaO 3.41 348 345 344 267 263 315 329 278 418 440 2.55
Na,O 496 548 539 576 598 6.02 562 505 426 431 653 5.71
KO 540 545 564 568 588 587 567 516 555 469 232 5.79
P>0s 033 034 035 035 025 025 030 040 043 049 0.67 0.25
Total 97.71 99.1 99.03 99.11 99.01 98.97 9849 9745 9727 9728 96.72 97.62
Li (ppm) 8.2 9.1 9.1 9.4 104 104 10.1 8.9 9.4 5.8 6.5 10.2
Sc 4.6 4.0 3.9 42 2.1 2.6 39 2.8 3.8 4.6 5.7 2.6
\Y% 674 621 637 669 369 344 505 535 524 749 928 374
Cr 4.7 3.0 3.1 53 22 2.0 4.9 2.0 5.2 3.9 9.5 3.1
Co 127 155 121 106 178 124 114 168 121 237 102 10.8
Ni 6.6 53 5.5 5.6 2.5 2.3 53 2.8 39 4.6 5.4 32
Cu 25.1 82 7.4 8.9 5.1 4.8 7.5 149 321 420 122 311
Zn 716 756 71.7 763 659 678 709 784 869 84.0 972 757
Ga 212 220 214 212 205 214 217 206 204 203 249 209
Rb 85 73 87 106 117 107 102 63 94 62 130  108.1
Sr 525 534 499 470 386 393 472 379 353 536 552 291
Ba 832 832 823 779 640 667 757 591 594 810 618 4564
Y 20 21 21 22 20 20 20 27 22 36 28 21.1
Zr 554 561 621 627 655 653 614 500 505 445 608  668.6
Mo 7.7 6.5 7.7 8.0 6.9 7.6 5.9 5.7 29 53 4.1 7.8
Cs 1.3 1.3 1.3 1.4 1.4 1.5 1.3 0.9 0.8 0.7 1.4 1.3
Pb 143 99 8.9 9.5 8.3 9.9 106 6.4 6.0 6.5 11.5 10.4
Th 158 164 169 176 177 186 169 115 133 10.6 16.6 17.3
U 2.4 2.4 2.7 2.6 2.4 3.0 29 1.3 1.9 1.5 22 2.7

T LAY FEAG Sz}
(ICP-MS) ]| <3} A A= et

4.1 FIA

55 Y252 skl dis] 23k WA 3), 22k3 WS v 2 Ao & yepdtt wEt

w2 813}

2]

=2

FEAH  (NaO+K0)of tigh Na:O+K0 3= (Hughes,

1973)9] =AJSHATE o] ATEoA veEEe] g
ARPR = 2QtEA 20| 8912 A|9J5la BF 314

o} % <(igneous spectrum) Wol] EA|EEZ (2

270 WshE gobiy] 5t 100xK0/ A UES+ SMtRo Fdae U4 &
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Fig. 3. Na,O+K,O versus 100xK,0/(Na,O+K,0) (wt.%)
diagram for the volcanic rocks of Nari Group. The field
between solid lines (Igneous Spectrum) represents the

variation range of modern volcanic rock (after Hughes,
1973).

o

K20 (wt.%)

Na-series

2 1 1 L

4 5 6 7 8
Naz0 (wt.%)

Fig. 5. K,0 versus Na,O plot of the volcanic rocks of
Nari Group, showing the subdivision of the alkalic ser-
ies into K and Na subseries. The boundary line
K,0/(Na,O-1.5) are designed from Le Maitre (1984)
and Zanettin (1984), and K,O/(Na,0-2), Le Bas et al.
(1986). Symbols are the same as in Fig. 3.
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ZPEAFL BT 2

Qo &3t
UajEt 3R] 444|182 Irvine and Baragar

(1971)9] Alkalis-silica TA = A 27 &Z=] AlF
S| E/\]HI’J{Hwang et al., 2014). 38 K0/ (Na0-2)
Bt 52 K0/NayO ol 2 ZAIHE R i
£ KAL) 2515119 5), haike] T H(Gough
Island) ¥ Eg|AgchE6KTristan da Cunha)(Le
Maitre, 1962) 9} ZH-2- ¥is} EH=E R ST IH 6).

FHAoA SiO, 2AF2 52.8~61.2%2] H|H

Na,O+K,0(wt. %)

30 35
SiOy(wt. %)

Fig. 4. Classification of the volcanic rocks of Nari Group
on the total alkali silica (TAS) diagram. The fields rock
nomenclature schemes of Le Bas ef al. (1986). The root
names are the same as B, basalt; TB, trachybasalt; BT, ba-
saltic trachyandesite; TA, trachyandesite; Tr, trachyte;
Ph, phonolite; BA, basaltic andesite; An, andesite; Da,
dacite, Rh, rhyolite. Symbols are the same as in Fig. 3.

M

Fig. 6. AFM diagram for the volcanic rocks of Nari
Group. U=boundary of trachyandesite in Oki Dogo;
H=Hawaiian alkaline volcanics; HB=Hebridian alka-
line volcanics; G=alkaline series from Gough Island;
T=alkaine volcanics from Tristan da Cunha; Dash-dot
line is from Uchimizu's (1966) showing boundary be-
tween trachyandesite and basaltic trachyandesite.
Symbols are the same as in Fig. 3.
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Fig. 7. Harker variation diagrams of the major elements
versus SiO; for the volcanic rocks of Nari Group.
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ments versus MgO for the volcanic rocks of Nari Group.
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Fig. 9. Variation of Ba and Sr versus SiO; for the vol-
canic rocks of Nari Group. The lines and symbols
(crosses and stars) are from data of Gough Island (Le
Roex, 1985). Symbols are the same as in Fig. 7.
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Fig. 10. Normalized spider diagram patterns for se-
lected elements for the volcanic rocks of Nari Group.
Values are normalized to primordial or Archean mantle
from Sun and Nesbitt (1977). The field for 'primitive'
Gough Island lavas (Le Roex, 1985) is shown for com-
parison as is a pattern for typical alkalic OIB. Symbols
are the same as in Fig. 7.



Table 3. Rare earth element abundances (ppm) for the volcanic rocks of Nari Group in Ulleung Island.
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:;S[l)tlll-y Bongrae Scoria Deposits Maljandeung Tuff ngrc}psocs?trsla
Samples  UL776 UL780A UL780B UL781 UL785 ULI111 ULI112 ULIl6 ULI125 ULS521 ULS71 UL572
La (ppm) 60.8 515 48.2 448 529 670 759 79.1 577 904 689 741
Ce 124 112 119 110 116 138 155 148 137 178 134 134
Pr 102 8.76 8.51 796 923 113 120 124 9.3 13.8 120 125
Nd 325 286 27.7 264 299 359 364 384 284 419 408  40.0
Sm 486  4.24 4.07 441 448 560 530 552 426 645 644  6.62
Eu 1.11 1.17 0.95 096 124 115 0.6l 1.09 084 0.72 2.18 2.16
Gd 3.08  2.69 2.77 265 291 352 350 344 258 417 469 455
Tb 0.54  0.50 0.50 047 052 062 061 063 048 078 072  0.72
Dy 335 276 2.86 278 3.07 378 384 386 3.01 493 421 411
Ho 0.65  0.57 0.57 0.57 058 074 073 078 060 098 0.77  0.80
Er 1.95 1.62 1.69 .66 1.62 221 225 225 1.85 3.08 214 224
Tm 027  0.23 0.24 022 025 034 035 034 027 044 029 029
Yb 1.89  1.63 1.78 172 172 219 231 234 203 325 203 1.98
Lu 030 0.24 0.25 027 025 035 037 036 030 047 029 032
> REE 2455 21651 219.09 204.87 224.67 2727 299.17 298.51 248.62 349.37 279.46 284.39
(La/Luwyn  21.00 21.78  20.03 17.24 22.02 19.99 2088 2242 20.01 19.75 24.17 23.88
(Ce/Ybn 16.68 1743 17.03 1629 17.15 16.03 17.06 16.05 17.19 1394 16.79 17.21
(EwEu*)n 088  1.06 0.87 0.86  1.05 0.8 043 077 078 043 122 121
Strati- Albong Trachyandesite Jugam Scoria Deposits

graphy Average
Samples UL573 UL16 UL17 UL17B UL21 UL22 UL23 UL607 UL608 UL609 UL615
La(ppm) 694 722 71.1 749 687 744 750 687 586 855 90.7 68.72
Ce 131 132 132 136 132 136 129 148 140 153 179 137.09
Pr 11.6 12.3 11.9 12.6 114 121 121 144 11.8 16.7 16.6 11.80
Nd 384 40.1 393 410 368 396 397 503 416 603 569 38.73
Sm 6.29 634 6.26 646 569 602 594 866 7.1l 9.78  9.12  6.08
Eu 205 2.05 1.98 192 175 189 204 194 169 273 238 159
Gd 417 442 435 434 381 423 417 601 479 798 642 414
Tb 0.67  0.71 0.71 0.71  0.63 065 065 096 0.8l .18 099  0.69
Dy 401  4.05 3.99 416 373 383 379 554 458 653 562  4.02
Ho 0.75  0.79 0.79 0.81 072 077 073 .01 087 135 1.06  0.78
Er 205 225 2.24 231 214 217 202 281 243 349 283 223
Tm 0.29  0.31 0.30 032 030 030 030 036 031 042 036 0.31
Yb 200 214 2.02 219 2,09 208 192 242 213 292 261 215
Lu 029 034 0.32 032 031 033 031 036 031 044 039 033
>REE 27297 280  277.26 288.04 270.07 284.37 277.67 311.47 277.03 35232 374.98 278.65
(La/Luyn 2428 22,13 2296 2419 22.69 2320 2463 1991 1922 20.08 2391 21.76
(Ce/Yb)n 16.67 15.68 16.64 1582 16.03 16.61 17.06 1556 16.71 1330 1743 1636
(Ew/Eu*)n 1.23 1.19 1.17 112 115 115 126 083 089 095 095 097
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Fig. 11. Harker variation diagrams of some rare earth
elements versus Zr for the volcanic rocks of Nari Group.
Symbols are the same as in Fig. 7.
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2e &S g2 AY ol 7P *2 A
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H ARG AAY 52 22 REE 3 7Hd=
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=0, ol 2134 EE2Hg-0] 94| LREES] 2747
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Fig. 12. Chondrite-normalized REE patterns for the
volcanic rocks of Nari Group. The fields for typical
MORB and OIAB (Wilson, 1989) are shown for
comparison. Symbols are the same as in Fig. 7.



285 2[%7| MRl LMY Tty 357

g 127} B et
78] 3 Bu] H(-) F-& A(+) olAyo] Uekhe,
ol gz A offoll A SHY A Eu'/k Srat A
gk ol 2 g o2 AP o] B AR g o npE
Aoz AefA gltk. Eud) o4k ojwA wzlehs
A& Eu/Eu'ol T35t Srat Si0, 9] Atz ol A oo}
£ 2= QIeh(E 3). F AT ol 4] Eu 5o (Eu/Eu)
Upal 223} kg zHokaketol A 1R oFgh
HolAre Ueh|gh, vhdo] mE ZohRH =
TAES3|otT e B RHZoA 18T}
22 Holahe Uehdict. £t SiOvh ZrteeE
Eu/Eu7} g2 <ule) BA1S Uehdct. & Sio,
7} WoldSE Eu HolAlolA] Holatoz #Axj=
g, o] A Z AFRE0o 2 71HA] Euo] Bk
25 Uehlith. ol AAo] diH|R sHEEe
24 Buzgoa AAHYSS At o]
3t A HH AR Lol wp2 AR ghape] 1R
Q13+ Eu 20| AR UrePliths AL A ek 2= 9.

w2 U rlo

4

=
=

lo

SBE U2 37o) SURIRE sol4 g v}
o} 2ol FA7} BARAE, BR5S L, el
4%, FERUANGLT FURAS 202 Folu],
SHaA o] KA D] 77he: dgrel Age] St
o714 WAE-BIehe] YN stskAo] Liseh
o= &3ka WAE-BIeHY] L A|oh B
F2 zuiglel] 3, o243, QB auokig
3 SQHEAEL ZRMIRN SRt1d 4). 1
2} o] hakeFRs Al Bake 24o] ul&a
ShE REEAEI HUEAEE Ws By
oJgSH S HY] WEe, o 5L Aelstn
RSB, LR ST SR ATIMAS 5
o] 1g 08 ATAA AESH Zo] 74 Ll
QPHEA ABE DA 4 9L AL AzEt
o] Al oA 24 W B 2 ugle) By
g A2 UEhdta £ 5 9l 5 ol 5L 24
o we} Eisio|E-ZHeh- UMM A7)
PAADR A £AS RolFu|(E 4), o]
3 el whamrh otehel 4§12 Ewekaker
Aol Zwehda Eiseto| 2 ARFFAR vt
TJnteRY eAHoR BEHALS ojulsit. ol

of tisk ul1n} 21BHE Popww, of@ FAL AH
A Thopst eh4o] Hglien) ) Lo,

5.1 ofaore| Mol

o3t A E vl o 2 UBS SR A
¢lof| thshod A E 2} ghet. B4 o A o] 2t
ARQH mhanb= BA7|HEA RS, EERE
2hg, E3kgol o8l A E 4= St E= 3 7HA|
o]/d9] E3HAQl ;g of oA = 7Hs5tr

HA 5= B FUEUT= 1 okl =
B FA 2t ol o] MEZH o] REZFHCEN A
A e vpantERE i EHAE Aoz A2t
Hrt o] gzte] npantERE fHE oA 7t
E38494 Fol Rb, K, La, Zro] H3l== E4
= 7HH o2 5544 ¥4¢ Ba, Sro] tha A2
S Uetli=d ol= &z vtk 28 24
A7 AR WEY Aolgh= AL A &, o=
=54 dFGE gz npanprt sHEHES
EFoIA dojvhs 419 Zgof o WA= U=
& oJm|gltiWison, 1989). iUkl REE #jelo]
FYNY BR8] T shep AR
w9 §AFSE] WElEH(A 12). T8)m Ewek
e TSI TH YR AFWEANN 42}
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S8 4o B9 453} vfnp e (stratified
magma chamber)25E E&H A2 X
TH(Yun, 1986). o]2]3t TH=gt 49l TS Ao
02 FHT ¢ e HHS AR FHYAH|ER
B HE3 ok ik

FHH S5 % MRS ot 2442 49
EEZAAAES A oA H3lE A o2 skt
(Won and Lee, 1984, 1988; Kim, 1985, 1986; Song
et al., 1999). T3 S5 = FARIFE 11X SR
(Le Roex, 1985)¢} Zro] Z-as|5 ol A  Miyashiro
(1978)2] AP =S ARk A 9L
tH(Lee and John, 1985; Kim, 1986). ©] H7=2 &
2 NEZREH 255 HA| SHIFE 2LFHo=2
o807 ol FAIA stk Xistatg-E
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Yzt SA 0wt A AH 02 At AL U
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Table 4. Petrography and compositional variations in the Nari Group.

. . Eruption Compositional
Stratigraphy Lithology and petrography styles variations
composed of dark reddish brown,
upper|  yoam highly vesicular scorias, and very
Sc%) ra small lava flow, including phenocrysts | Strombolian Tachy- | deviate from some variation trends
: of plagioclase, alkali feldspars, eruption andesitic | of major and trace elements.
Deposits . -
clinopyroxene and kaersutite in a
tachylitic groundmass.
composed of gray and brownish gray {)n ore | u pward
lavas, which include phenocrysts of asic | increase
Albong | plagioclase, alkali feldspars, i) A
: . L Lava Tachy-
Trachy- | clinopyroxene, kaersutite, biotite, . 7. i
: . . ; . effusion andesitic
andesite | olivine and titanomagnetite, with a i
little of apatite and zirc_on ina i incompatible
groundmass of trachytic texture. elements
composed of highly vesicular, dark
Nari gray scorias, which include
Scoria plagioclase, alkali feldspars, Strombolian Tachy-
D : kaersutite, biotite, titanomagnetite eruption andesitic
eposits . . T
and clinopyroxene in a hyalopilitic
groundmass.
equals to Nari Tephra Formation (Kim compatible
et a.l.,_ 2014), and cons_lsts of tuffs,_ Plinian and ) 0 elements
. lapilli tuffs, tuff breccias and pumice Trachytic
Maljandeung o ; phreato- i
deposits; tuffs consist of crystals of . to
Tuff . ) 4 magmatic . il
alkali feldspars, minor plagioclase eruption phonolitic I8
pyroxene, kaersutite and biotite, P v
shards, and lithic fragments. more downward
siilcic increase
Bonerac composed of highly vesicular scoria
& deposits, intercalated with a welded | Strombolian . | deviate from some variation trends
Scoria . . - Trachytic .
lower D - tuff; scorias are colored to dark gray | eruption of major and trace elements.
eposits . .
with reddish brown on the surface.

AGHTE ¢HA01A BdS AAEETHKIm,
1986). S @A dzte] npanprt AR WE W
o] A#;re| HEHA BHAAZEo] dojyton,
ol Azt ZHLARM nfanalrh AR e =)t
o2 gapel upaupie o] ol EHA 2EEA
Z-go] ALE Y A o2 BykthSong et al., 1999).
b S5 EoA Qi AR vl
o] AR EZ-gof ol P ATk & 5= Sl
FA5ord vhantrl 2HAA vpawkel E3HE)
ol oato] MG vtanrt E =
Ut ol &3 vh 1ok TR F upiate]
E3o 2 Qste] AWt EFTTL 2 AF oo
of 5tm, T ZZ|o| glojA] upant T3] RS
HojR3E HgFEe ESATE, B3 SR,
ARtz 8 ZRET FUWEA Y &4

of e wmYA 27o] Uekfof stk Tei}
52 srRoAL Qutdel wEy 7
G RS EE SR LS L 2
7 Ee WY 24 DAY S 7] GEd &
ol ojs) zHgkier npanbt FAE D
7] of gk,

5.2 Opaoje| ZstatA

U Srols 2HEE 9 ZEdlo|EE o5
ol A AFE ket Zo] RHEAZAE 52 FEg
FollA FEiE AR nantERY 2HE
AAgo) ofsf Xot= ivtar Azt Y2 3
ARl 2848948 AnE fHS BH A
F20l K-A Q2 11X X(Gough Island) 2] -3}
Zol 2HYE AF2 v o] ZHIHAF
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A 459 s} v FASEAL, Ba, Sr& AlQgt
U2 £33 949 o] BF A Yepdtt
(38 10). REE & oM = ZsTto]Ed W 2 HEY
A G52 giglo] 2RI 52 s el 3} uf$-
frAkekaL, 1 ofefoll wix|Ee] vehdth. LREES:
HREE:= 2% & A3}1A F3}= X9t LREEZF HREE
B} oS 7sHA RatEci g 12). La, Ce, Prat
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U Sl A whE-8 3o UelEAE E 4
IS AREH o2 Y47} Si0,2] Wt
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o] ZolA UL RE X2 thadh ¢HA A 91A 1}
ol o] A2 BHE 4= St & o] ¥} Bl
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slof| oJaf up1ap 2Ado] 2L, 2 W
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Al olgE Yeile S9R-ASE SRS =
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H e e Xk o] ot DRl YAIRE

upup e oA 4 B2 AFfEHoR ¥
To] @2 mapanke] sgEe] AR EHEAE(S
2 S22 9] P S Uehdit. ojd 7-9-of|, ut
Jupge] I olA 7HAQl Ak o] AR EEE:
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tHFeigenson and Spera, 1981).

ofuf e o] Fzel 4 T A 02 Belgl Mol
ul 7ok (magma batch)olA] dA|H o2 oF7F o}
£ Asigo] dofitE Aol o] mpambEefA
2R ohanke] FEo] dojut 455 HHA
422 P L 13b).

B RAAEUHE BT vt Y] 2
o|EA wianli 2 RE EE& AlZtsto] HA £H
&4 vt = 2 7hEA 252 SstEo(2
& 13¢). 3HHEES #57Inay 223 Sy
A =0 ol HEHos P glon Ftof 4
241 9] FA)7]17F JAJATHKim et al., 2014). o] u}
anp 2282 Bl AXN EFE AYS 2 o

(e (e

O

Q

Mph : phonolitic magma zone
Mtr :trachytic magma zone
Mta : trachyandesitic magma zone

b

(o4 — [
C o~

d Ata :Albong Trachyandesite
Nsc : Nari Scoria Deposits
Mtu : Maljandeung Tuff
Bsc : Bongrae Scoria Deposits

Fig. 13. Pictorial explanation of stages in the magmatic evolution and eruptive processes in the magma chamber.
(a) Compositional zonnation resulting from settling and accumulation of earlier crystals through fractional crystal-
lization in magma chamber; (b) Bongrae Scoria Deposits accumulated by strombolian eruptions from the trachytic
magma in a separate magma batch; (c) Maljandeung Tuff accumulated by phreatoplinian and plinian eruptions from
the phonolitic and trachytic magma zones, and followed by a caldera collapse; (d) Nari Scoria Deposits accumulated
by strombolian eruptions, thereafter Albong Trachyandesite dome emplaced by lava effusions from the trachyande-
sitic magma zone with which the chamber roof was contacted by the caldera collapse.
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Hylx) gezt 4= 91 A= (Machida ef al,, 1984) 2
2 §209) DSBS HAA T Eisetol =
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oto]] ok tH(Okuno et al., 2010; Im et al., 2012;
Kim et al., 2014).
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