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Sang Koo Hwang, In Hwa Jo and Keewook Yi, 2017, SHRIMP U-Pb datings and igneous processes of the
igneous rocks around the Myeonbongsan caldera, Cheongsong, Korea. Journal of the Geological Society
of Korea. v. 53, no. 6, p. 781-796

ABSTRACT: Igneous rocks around the Myeonbongsan caldera are divided into Eobongsan Granitoid, Jukjang
Volcanics, Tuffite, Myeonbongsan Tuff, Rhyolite and Bohyeonsan Granitoid. Their SHRIMP U-Pb zircon dating
acquired age results of 76.924+0.91 Ma from the Eobongsan Granitoid, 65.03+0.16 Ma from the Myeonbongsan
Tuff, 63.45+0.71 Ma from the eastern rhyolite dyke, 58.00+0.66 Ma from the northwestern rhyolite dyke, and
56.43+0.55 Ma from the fine-grained diorite and 56.07+0.60 Ma from the biotite granite of the Bohyeonsan
Granitoid. The age data indicate that the Eobongsan Granitoid is older than the Myeonbongsan Tuff, though the
former is thought to intrude the other because the Bohyeonsan Granitoid has been considered as Bulguksa Intrusive
Group. The Eobongsan and Bohyeonsan granitoids may be considered as the later event of each igneous cycle,
which shows the composite igneous process of a perfect igneous cycle passing from ash-flow tuff through caldera
collapse and ring dyke into pluton in Myeonbongsan area.
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Fig. 1. (a) Index map of South Korea; (b) Regional geological map of the Gyeongsang basin, in which a white box

area, Fig. 2, indicates location of the study area.
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2R 9] ol YXRITHE 1b). ARl &
AFEALE] 9 F4] 2] Zpolof| LA TFo] A& -
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2RAZ ARE L, SA7} sH =R E Al5S, o
G TS 1P o5 TR EEARRYS
= &4 2 Aol o] Qltk(Chang, 1975, 1977, 1985).
A4 Z|Eh TS O R A 9 FHof sigsiar
SIS E- U, S SRR, EaARIY
= AAALF 2 A2 YepHT(Chang et al., 1977;
Hwang and Kim, 1999). 284 AdU¢F+= A=
ol wet wiot7|ef A|37] HAAUFE WA 2
A o] et RO FA= 2A SIS B
5, o BAlselel, SRR, S5, waal
S35k, S-S BANEIAS o2 TREG
(a9 2).
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2.1 E[XHAR

EHQtRE ] A AR AFs o R
TEE 242 AL EA A &3] ARSEX|TE
FHAER] 9] Hropd o]l tju| =Tt Won et al., 1980).
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TZUE olFL 7] W] o] F9 sHtele =
=7 AA olgto] A= ] k. 2Bt o] 59 7]
Aol FAFE-S 2ol AR o] HA +Ed
tH(Chang et al., 1977). B-A 52} oA o] Z&
A ol o3t FHgEgo 7 EHATL
Hof it} o] 52 FAFFE=ZoA oF 500 mofl &
gtctal ghok(Chang et al., 1977).
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Fig. 2. Geological map around the Myeonbongsan caldera, together showing sample locations of the present study.
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Fig. 3. Outcrop photographs showing representative lithology of the igneous rocks around the Myeonbongsan
caldera. (a) Biotite granite in the Eobongsan Granitoid; (b) Upper ash-flow tuff in the Myeonbongsan Tuff; (c)
Rhyolite porphyry of the ring dyke; (d) Flow-banded rhyolite of the ring dyke; (¢) Fine-grained diorite in the
Bohyeonsan Granitoid; (f) Biotite granite in the Bohyeonsan Granitoid.
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Fig. 4. Re]gz)resentative Cathodoluminescence images of the analysed zircon grains, showing the location of analytical
spots and “*Pb/**U ages in Ma, separated from the Eobongsan Granitoid (HC800), Myeonbongsan Tuff (HC735),
Rhyolite porphyry (HC737), Fine-grained diorite (HC798) and Biotite granite (HC799).
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Table 1. Summary of SHRIMP U-Pb isotope data of the analyzed zircons from igneous rocks around the Myeonbongsan caldera.

206 232 207 206 @ @)
Age (Ma) Age (Ma)

Sample HC800 (Eobongsan Granitoid)
HC800_1.1 0.56 172.63 111.23 0.665 0.3 0.0520 43 0.0382 13 76.3 +0.9 11 +142
HC800_3.1 0.24 48226 506.18 1.084 0.8 0.0494 2.4 0.0414 2.8 75.8 +1.0 6 +213
HC800_4.1 0.38 203.87 109.15 0.553 0.3 0.0505 3.1 0.0386 24 77.3 +1.2 -20 +97
HC800_5.1 -0.00 229.57 148.30 0.667 0.3 0.0475 34 0.0390 35 80.1 +1.4 -54 +117
HC800_6.1 0.07 167.18 105.70 0.653 0.3 0.0480 8.8 0.0396 1.6 76.5 +1.5 -144 +263
HC800_7.1 0.02 157.06  99.41 0.653 03 0.0477 5.5 0.0393 1.6 78.7 +2.1 11 +175
HC800_8.1 0.36 128.48 71.87 0.577 0.4 0.0504 59 0.0392 1.8 76.2 +3.4 21 +193
HC800_9.1 2.70  147.25 61.54 0.431 0.4 0.0690 11.4 0.0414 1.7 78.6 +1.6 636 +273
HC800 11.1 0.54 147.68 82.41 0.576 04  0.0517 6.2  0.0368 1.9 73.8 +1.6 322 +152
HC800_12.1 0.68 155.65 97.38 0.646 0.3 0.0529 33 0.0366 1.1 76.1 +1.0 -11 +116
HC800_13.1 043 161.29 92.22 0.590 0.3 0.0509 3.0 0.0376 1.2 71.5 +0.9 -264 +112
HC800 _14.1 1.27  148.09 102.71 0.716 03 00576 104  0.0390 2.6 77.7 +1.4 31 +381
Sample HC735 (Myeonbongsan Tuff)
HC735 1.1 042 54431 342.28 0.646 0.3 0.0506 53 0.0262 1.6 64.8 +0.5 -626 +601
HC735 2.1 -0.11 1147.92 437.46 0.397 04  0.0464 33 0.0309 1.0 66.5 +0.4 -49 =111
HC735 3.1 -0.07 59294 510.08 0.886 0.2 0.0466 49 0.0306 4.7 63.7 +1.5 -285 +288
HC735 4.1 -0.09 559.96 475.22 0.877 1.3 0.0465 5.1 0.0293 1.5 63.7 +2.0 -131 +213
HC735 5.1 -0.65 44752 274.44 0.635 0.9  0.0420 6.7  0.0254 1.8 64.4 +2.9 -901 +648
HC735 6.1 -0.13 55891 364.03 0.678 0.3 0.0463 49 0.0313 33 67.3 +2.4 =707 +491
HC735 7.1 0.11 30846 121.25 0.401 1.1 0.0481 8.3 0.0260 7.4 60.9 +1.5 1071 +364
HC735_8.1 0.02 1456.19 1193.40 0.846 1.7 0.0474 32 0.0258 2.9 64.9 +0.4 132 +95
HC735 9.1 -0.25  771.77 752.11 1.007 0.6 0.0452 43 0.0291 1.4 64.4 +0.8 =722 +411
HC735_10.1 -0.22  576.01 374.68 0.679 0.2 0.0454 8.5 0.0269 2.7 62.5 +0.6 -29 +208
HC735_11.1 -0.26  304.42 210.11 0.710 03 0.0452 7.5  0.0272 2.1 67.2 +1.3 =797 +742
HC735 12.1 -0.33 53473 369.21 0.712 0.3 0.0446 53 0.0290 1.7 65.1 +0.5 790 +257
HC735_13.1 -0.01 54530 414.25 0.788 0.7 0.0471 5.1 0.0279 1.5 63.2 +1.3 209 +182
HC735_14.1 -0.65 525.62 740.21 1.457 1.5 0.0421 6.1 0.0267 39 67.0 +3.1 182 +276
HC735 142 -0.42  152.09 69.36 0.471 0.6 0.0439 10.8 0.0275 3.0 64.7 +0.9 -114 +267
HC735_15.1 042 55451 364.25 0.676 0.2 0.0506 4.8 0.0291 33 66.5 +0.5 -231 +341
Sample HC737 (Rhyolite porphyry of ring dyke)
HC737_1.1 -1.42 11559 101.27 0.905 04 00360 102  0.0281 5.5 64.7 +3.7 1043 +447
HC737 2.1 0.60 163.21 88.08 0.557 0.4 0.0522 645 0.0309 2.0 70.9 +1.0 - -
HC737_3.1 0.12 18580 161.49 0.897 0.3 0.0501 3.8 0.0755 2.1 154.5 +3.2 -176 +245
HC737_4.1 0.17  69.54 47.22 0.701 0.6  0.0486 11.1 0.0278 33 62.2 +2.1 685 +496
HC737_5.1 -0.32 12926 123.82 0.989 1.2 0.0447 142 0.0287 23 63.6 +1.0 822 +419
HC737_6.1 -0.43  159.86 140.84 0.910 0.3 0.0438 7.4 0.0283 2.1 63.5 +0.8 -117 +183
HC737_7.1 -0.07  252.56  360.68 1.475 1.8 0.0467 5.6 0.0298 1.7 64.0 +1.2 -- --
HC737 8.1 -0.68  190.78 166.11 0.899 0.3 0.0419 12.7 0.0306 1.8 65.4 +0.9 92 +365
HC737_9.1 0.22  103.78 98.48 0.980 0.7 0.0489 8.9 0.0287 2.7 63.0 +0.9 -- -
HC737_10.1 -0.92 15437 7545 0.504 0.4  0.0404 6.9  0.0382 1.9 86.9 +1.1 -657 +432
HC737_11.1 -0.07 164.04 132.52 0.834 1.1 0.0467 73 0.0282 2.2 62.4 +1.8 - -
HC737_12.1 -0.58  166.41 198.20 1.230 0.3 0.0426 8.0 0.0298 2.1 63.7 +1.3 357 +352
HC737_13.1 -0.25  170.19  220.77 1.340 1.2 0.0453  12.1 0.0278 2.1 63.1 +1.1 243 +357
HC737_14.1 -0.60 144.68 152.82 1.091 0.3 0.0425 8.7 0.0298 23 62.5 +1.5 1623 +337
HC737_15.1 -0.14  156.46 41.52 0.274 0.6 0.0462 8.2 0.0280 23 69.4 +1.0 1507 +344
HC737_3.2 0.55 23534 203.57 0.893 0.5 0.0530 3.7 0.0602 2.1 131.2 +1.6 -50 +233
HC737_10.2 0.67 208.44 71.28 0.353 0.4 0.0533 4.5 0.0449 1.4 100.9 +2.1 -158 +333
HC737_33 0.07 135.02 13043 0.997 0.3 0.0477 7.5 0.0271 22 59.4 +1.8 121 +204

HC737 8.2 0.09 55597 614.76 1.142 02 00480 2.6  0.0305 2.8 67.9 +0.7 625 +161
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Table 1. Continued.

232 207 206 @ O]
Spotno. oPb U Th T TIRY o TR, 20y pb*ph
(%)  (ppm)  (ppm) U Pb U Age (Ma) Age (Ma)
Sample HC736 (Flow-banded rhyolite of ring dyke)
HC736_2.1 -0.17  208.09 166.03  0.824 0.3 0.0455 6.8 0.0253 2.0 59.3 +0.7 21 +185
HC736_3.1 0.17  400.33  200.77 0518 03 0.0485 47  0.0248 1.4 58.1 +0.8 343 +182
HC736_4.1 0.67 249.88  243.58 1.007 0.3 0.0524 6.0  0.0249 1.8 57.4 +0.9 196 +211
HC736_5.1 -0.61  404.14 22875 0.584 0.5 0.0423 9.9 0.0242 1.4 57.7 +1.1 372 +290
HC736_6.1 -0.55  456.69 28128 0.636 0.2 0.0428 45  0.0267 1.3 59.9 +1.2 -620 +332
HC736_7.1 -0.23 259.62 171.22  0.681 0.3 0.0453 6.3 0.0248 1.8 57.9 +0.7 689 +298
HC736_8.1 040  369.35 21948 0.613 0.5 0.0503 5.1 0.0232 1.6 56.4 +0.7 52 +213
HC736_9.1 -0.12 297.52 10483 0364 04 00462 11.6  0.0242 3.5 59.1 +0.8 31 +283
HC736_10.1 0.06  621.15 607.63 1.010 0.2 0.0476 3.7 0.0269 1.1 57.6 +0.7 241 +135
HC736_11.1 -0.15  200.36 101.30  0.522 0.7 0.0460 72 0.0251 2.1 58.4 +0.7 - -
HC736_12.1 0.11 44405 26436 0.615 1.2 00479 5.1  0.0229 1.5 56.2 +1.1 371 +203
HC736_13.1 0.18  393.85 22330 0.585 0.3 0.0486 5.4 0.0241 1.5 58.4 +0.9 -22 +212
Sample HC798 (Fine-grained diorite of Bohyeonsan Granitoid)
HC798_1.1 0.34 508 677 1378 04  0.0497 34  0.0303 2.7 54.8 +0.5 544 +145
HC798_2.1 -0.08 642 1023 1.644 0.4  0.0464 5.0 0.0312 1.6 56.9 +1.3 -97 +158
HC798_3.1 -0.02 501 692 1.426 0.3 0.0469 3.5 0.0304 1.9 57.7 +0.6 193 +125
HC798 4.1 -0.25 607 980 1.666 04  0.0451 32 0.0309 2.6 56.8 +0.5 -584 +265
HC798_5.1 0.39 588 1118 1.965 0.4  0.0502 3.1 0.0322 3.0 56.7 +0.9 -239 +217
HC798_6.1 -0.31 545 1089 2.064 0.2 0.0446 3.5 0.0290 1.1 55.9 +0.8 197 +144
HC798_7.1 0.18 460 617 1383 02 00486 3.6 0.0301 2.0 56.2 +1.1 -422 +295
HC798_8.1 -0.31 518 715 1.424 0.1 0.0447 3.5 0.0312 22 57.4 +0.8 -145 +119
HC798 9.1 0.16 650 1059  1.682 0.1 0.0483 3.1 0.0288 33 55.3 +0.7 174 +90
HC798_10.1 0.41 505 868 1.776 0.3  0.0503 3.5  0.0302 2.6 55.6 +0.7 469 +136
HC798_11.1 -0.15 527 622 1.218 0.1 0.0459 3.5 0.0297 1.0 57.2 +0.8 -243 +179
HC798_12.1 -0.45 629 889  1.458 0.1 0.0435 32 0.0298 23 56.4 +0.5 -353 +164
HC798_13.1 -0.47 503 745 1529 0.1  0.0434 3.6  0.0325 1.0 57.4 +0.9 104 +137
HC798_14.1 -0.01 567 844  1.538 0.4 0.0470 3.0  0.0293 0.9 56.8 +0.8 -409 +226
Sample HC799 (Biotite granite of Bohyeonsan Granitoid)
HC799_1.1 0.09 68.61 46.12  0.694 1.2 0.0478 7.3 0.0315 9.6 57.0 +2.3 -589.4 +890
HC799_2.1 1.30 78.00 54.01 0.715 04  0.0574 5.7 0.0276 1.9 53.8 +1.2 12475 +338
HC799 4.1 0.05 91.61 6142 0.692 04 00475 5.7  0.0268 1.7 56.9 +1.3 752 +137
HC799_5.1 0.21 104.98 65.74  0.646 0.4 0.0487 5.0 0.0292 1.6 55.7 +0.9 -172.2 +372
HC799_6.1 -0.17 26847 25419 0978 0.2 0.0458 33 0.0276 1.0 56.9 +1.1 -467.5 +323
HC799 7.1 -0.45  100.65 69.41 0.712 04 00436 5.7  0.0263 1.7 55.8 +0.7  -601.8 +576
HC799_8.1 0.57 160.94 13415  0.861 0.3 0.0516 8.0 0.0279 1.3 56.5 +1.0 -1139.7 +1091
HC799_9.1 0.08 61.68 53.52  0.896 04 00477 178 0.0292 23 57.4 +1.1 1537.0 +453
HC799 _10.1 0.18  111.53  101.63  0.941 0.6 00485 48  0.0275 1.5 56.1 +9.6  1038.1 +306
HC799_11.1 0.82 147.00 15338 1.077 0.2 0.0536 39 0.0279 1.3 56.0 +0.6 -283.2 +476
HC799_12.1 1.09 60.36 38.67 0.661 0.5 0.0557 6.7 0.0275 22 55.5 +2.0 - -
HC799 13.1 142 111.06 68.67 0.638 04 00583 54 0.0254 2.0 54.7 2.2 541.7 +120
Errors are 1-0; Pbc and Pb* indicate common and radiogenic portions, respectively.
' Common Pb corrected using measured 204
@ Common Pb corrected by assuming 206Pb/mU 2pp/ASy age-concordance
Ma Afolof] Eojxli= *"Pb/ U ArhE Holi=w|(F 1), HC736:2 2% SAtdol A Lhe SO #-2
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Fig. 5. Correlation diagram showing the proportions of
Th to U concentrations (ppm) of the zircons analyzed
by SHRIMP.
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Table 2. Correlations between previous and present geological sequences, and SHRIMP U-Pb ages in the Cheongsong area.

Previous sequence
(Kwon and Lee, 1973; Lee and Hong, 1973; Present sequence
Chang et al., 1977; Won et al., 1980)
. . . SHRIMP age .
Rocks or lithology Period Rocks Formation (Ma) & Period Remarks
Bohyeonsan Granites
Bunam Granites Plutonic | Bohyeonsan Granitoid ggggiggg
Eobongsan Granites ) ’ this study
. 58.00+066
Rhyolite 6345:0.71 | Tertiary
60.1+1.8 Hwang et al.
Guamsan Tuff 63.97+0.94 (2017)
Voleanic '\ 1+conbongsan Tuff 65.03+0.66 this study
Cretaceous
Muposan Tuff 67.08+0.96 oang et al.
Volcanic rocks ( )
Jipum Volcanics 68.5+1.6 Hwang (2017)
Eobongsan Granitoid 76.92+0.91 this study
Cretaceous
76.20+0.94
Plutonic 76.64+0.75
Bunam Granitoid 75.75+0.72 Z‘gfg;g etal.
77.1+1.3
77.21+£0.78

S35t FARSE Aol 2 U-Pb A= S =97 of
Folti(Hwang et al., 2016; Hwang, 2017).

4.5 SIMIIA

o] ool FA4E U-Pb &40l =l 2
3, N9FES, ol ARRIRrAe, FYsharE, @
ARSI S, BANSG £0 ¥
QITHE 2). T3 FYL BES o]
242 fEomuth v Bu gt Baeky
AN A PEhol 30w shekrct v
ek ELC

o] o4 BTG L Gofuml thaat 2. of
A AL ST H A A Go] Dol 3 3}
AFEZo] glo] 76.924091 Mao] 31414 wampr}
BYstel ol BAIFE FASHch )T 2 A
ZH11.89 Ma)o] A|LhelA] MEHE sh3Es glo] 2
o] AolutwlA ofgArsiyelagrol AEe| ke
271714 stc

o]0l B AF A ol Al HlALo £ U] Qhail
A SHkEo] Yo} FAshielES FAsdon,
ZHH 2 65.03+0.66 Ma Z-20f 292 ul1ato] of
R EEAGOR 22 NFIHUYS YAAA @

iSRS FAAFT ©f tiqtE HEAe Sl

o] E&= Qste] upanirt YAlof) AAH = ut
antE ) A Bo] gEEe] £ARY WEA 2
27t A= Ath(Hwang and Kim, 1999). 12|31 Z
Ylzke) ST uet 2 $E9H nlal}
FYUE ] 63.45£0.71 Mao] 55 IS B /st
Rl THA] 58.00£0.66 Maol| £A15 SIS 3
st on, o5 A SYIE wet E Y
O] FUHUAIE BT vpA e = o] Zd|zt
O] & B4 A Yol A= 3 wianpr BE
SHIGRE BT WA AAS] HEEE wet
56.43+0.55 Mao]l A|E 4 AE¢o] FAstA Fut
2} 56.07£0.60 Maof] &1 3H7}9to] A X515t

B oAl X GofA= ofF] ARy
WA= gt S BoF2|0t HEA
Ao 3733 d- et TS a- A
© 2 AdEEs shie] St S E AXe &
et s a2 vEbdo

)

rr

5.4

r

[«

o, SRS, S, A =Y

B Zojet Fule) SR o RAlEet
A Y A 02 FRE

|
H
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o BABIAPANS S ES WYL HEE
ol AL Blght ST EO R Thixe FokE
2 go] BAHOR BAMIGROR HFs)el o
B4R 8lore TS AL A S,

SHRIMPE o] g3t} Hoiz U-Pb Ah=4L 4l
ARre=A AR A7 FAUAS &
A3 stk 29Tl ofshel o gAkseract
2 76.92+0.91 Ma, HEAF2-3]9H2 65.03+0.66 Ma,
E2 GEWL 6345:071 Ma, BAZ $EIHL
58.00:0.66 Ma, BBt ekl AR 45
oF2 56.43+0.55 Ma®} -2 2 317392 56.07+0.60
Ma®] 4% 5-& 8% AvjS ekt

o] Aol oltel o} BAIBAIALE WEALS D
QETt A7jelw, £ AL wopr] o] 4517
B OF 12 Ma®] A17H4] Xjol o} B HE-E o} g4t
Zegto] A1 o B4R TIGte] BETrks
AR SATAS IS,

o714 of B ARSI HRASIPAYE
22k 229 8P @310] mhAlef Ak Y] AR
T 5 o BAF Aol A obd HAero znt
I BT 1939 vt STEE
BolZA|R, WAL A ol M 3]5-53lek-ee}
HE-gHfor- A dgre 2 JAue she) g
o} 4318 A %)= BAE SIS Urehaict.

T

ZAe 2

o] =#-2 20178 &= ehosta AH|o o))
of #E dFolt). S =723 Y
@7-209] M) ol 2219 SI SHRIMP
U-Pb B0 2 a5 gict. Axtaby B3 4=
o AI AH o2 =7 AL FoiFAl P
AR AEA ZAFE T TP A AEA
o279 g0 2 A2kE et
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