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ABSTRACT: Volcanic rocks around the Yokjido Island, southern Tongyeong, are divided into the lower andesitic
rocks (Jusasan Subgroup), middle rhyolitic rocks (Unmunsa Subgroup) and upper andesitic rocks (Yokji
Subgroup). We ensured the eruption ages and stratigraphic relationships of the Unmunsa Subgroup based on
SHRIMP zircon U-Pb datings for zircons from volcanic rocks of the Subgroup. The Subgroup can be classified
into the Yapo Breccia, Jabupo Tuff, Saido Formation, Nodaedo Tuff and Galdo Tuff. The SHRIMP zircon U-Pb
dating yield the concordia ages of 82.06+0.55 Ma for the Jabupo Tuff, 81.30+0.54 Ma for the Nodaedo Tuffand
80.43+£0.53 Ma for the Galdo Tuff. These data confirm the emplacement ages of each unit and display a
chronosequence of the Unmunsa Subgroup around the Yokjido Island. Because the ages have a range of the Unmunsa
Subgroup in the Yucheon subbasin, they might have a significant role to establish a chronostratigraphic framework
and could make a stratigraphic correlation among far regions in the subbasin.
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R FolH 02 opXolr§ FURE njel vt
HEZ X FA45E P45k Ack(Hwang and Kim,
1994a; Chough and Sohn, 2010).

o5 MR AU R=
o WFH O ASHT N H O BIYAS ¥
e, S5 SPAIQMR Ulg BRI SIS AE 1
ehilE. o] SHIGHRE ]S Be AT/t SAE A
TH¢j, Hwang and Kim, 1994a, 1994b; Hwang, 1996;
Hwang and Cheong, 1998; Chough and Sohn,
2010; Hwang, 2012), 1 3}k A2} o717 2 &
SA7|9F 22 B2 vsid ZAS0] Hoslth F
83t olfr F9 sttt ool o3t A 9H FAE
FoA oz gu|shr] 98l B2 ojE=o] 7] Wi
of| 3Hitete] Akttt & A E SH sk Aot

ka2 7HE A 0 2 £ H K-Ar, Rb-Sr} 4
2ko] U-Pb ddjof| 7|23}, 110~50 MaZ H7}5
o] Q1t}(Shin and Jin, 1995; Kim et al., 2005). 1
U ol eirfo] s Alzle] o4sl Hoz Al
2t o2 S, K-Are] B& s ews sharet
59 A9 WL e} hE L Zste ehE s
214 41718 Yehithn ®7] o}, Rb/Sr E91¢)
2:H]9] F2 ¥ 9= Rb-Sr 59 ¥4a Aol & £
AHE W22kl itk I BER BARA oA S E]
£ MR Y SA = A2 3l #4012 U-Pb
A S ol ot AAA A A7 P T2
gk 2Aj o] ch.

FHAEA FHeHRE= ol SHRIMP {02
U-Pb At 57 Ztof| oJ5tH UFA| oA W7
54 94.4+0.8 Maoj|A] 78.4+1.5 Ma A]7|of &x}4
© 2 BE3 A o2 XA (Zhang et al., 2012),
uiol7] o4 SR BREA|7] Bt ollgt o]
O] SAHH|= T8 Aol H it

FHERA 7o &R = FHL AR 9 &
detol 91215, Wetr] Sg o] sHitekR7t HS5A
Lz FE% T AALRIH BHYSHL = FS

BE §HAER

5B wWlot7] A9 SRS ek B
Ao st goo] F2 EEstaL Tl H
23S 9 FAJgttH(Hwang et al., 2016).

T EAE FHL SR E, e, =g}
A=g THOE £H2 SR o|Fo =AAY
S2A(T™Y 1), FE GARE Moz FAHHAT

S - 07|15

ofsfoll 22| DojA Ui SA7F FREA] 2
A= A3, sHikel, AdiSE A7 A9 o] Fe
A A ket 2 2ol =EA DAL ERet
Ao digt sk 7F S E AR o] & S
g4 3l AHRETE A flio

whehA o] fFoll M= SA| & 1 9] Shakerof
tiste] o 79 A2 FA=A WA SHRIMP
Ao]Z U-Pb S S v o2 E2A71E A
SHA| BFo] 2 g A oA HE A Q] St
oF SAHHIE skt H4& FAth

2. Ay

B = FHO SR tig S48 HS sk
SHRIMP #o]Z U-Pb A=A AX|5}%ct o]
= 9ol £48 A2 ofelold e 2 15S o)
E3 4 Y AT ARE |20 AT,
SHRIMP U-Pb A& fla i A4S ah
sto] AA AR oA AHolES E2 stk 2
AYFE Aol Bt Hsn cHra e
o 22| A=t AA T A o E& E25hA] X3

Aol Bele whaatel, 4414 W, Syt
A2 o] Axpol| wheh == ATt WA] hEA]
2 PN 132 Tl 2 shafela 2312 2
712 o AA 2% & FE FAE 085t 120~
180 w4 Abolo] YRS B33t 3leH YA
H|7jo] Yol £& ol gl W A4 0.2 44T
E2 AASA SEES FHAH T AAAHH 5t
oA X SFE YRS Foll AR A& <]
Aukg Ferch ele AolEs e REE AT 3
7 ol EA| B =] 4of hEES B Aol v
SEE A7 WS Sl R AEE dobd ¥
cololE Qubyz Felo] =8 X0 dnks
Rom, npRgo s Fo 7 I

Ul EE 7] 2T L AT LR LA
S=A93(CL; Cathodoluminescence) A2 & £
2ot FAPAAFA ] 7 (JEOL JSM-6610LV 2E)E o]
&sto] 78 Aol YAk el S=Agat i
AFEHAHBSE; Backscattered Electron) g4+ &3
skl 24 YA E At

Aol A& LAY A SHRIMP Ile
£ olgahgick U-Pb 42 U3} o] 2402 ke



Ofm
Jto
LL
\OII

801(02)& ol 8300, ofn) olevle) WAL
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3. NEINR

87 0] SRR AR W) $3
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2016).
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Fig. 1. Geological map around the Yokjido, showing sample locations of the present study together.
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A= th(Hwang et al., 2016). 2} o g2 &)= F
Hol| A SHEEA 7L EA &S | FAMoS T, &
FALOIS T SR % AR A &R0k O
2 Fck

7} ofgw-S Aol et o RSk, Aot
T2 AN, SIS AStEQRA S
B FEEL, FEARTS ofZ e, AR ES
3 Aol =, = =33 23U e
EEH, EX|0g7-2 BRI, SR =9k, o
AR R P 2 o) S e SR R o Ry
EHH (T3 1, Hwang et al., 2016).

OFZZFE ol SR BHO} ek 2 B
gtth o] SA D= FAMIOIE T AR
Atolof| EA 5= A E S A g

o] 4T U7l At S22 ol g st
A7t won AR E s 2Hh 8-S e o F
= A% St} S iR E =34 vub) 9 gk
Qratera o] 1L 7+E: AN QEAkgtolm =7]7} 2~20
cmEA] 2 2ol A ¢Fz el SfFE| 3L 231 35 cm ¢F
& 7Ptk (Hwang et al., 2016). =3 248 -7
SkaL S}4ES] 71 2 A 7T} ARl A 2 2e-3]
2 IS vetdie, o, RAE, 2H g S0l Al
B3 313 718 AR E AL B EES
HojEoh FAHL2 3 ME fa o2 HEs}
Eo] glom iAo 2 8ANHE YePdtHwang
et al., 2016).

42 RRES3QY
AREZGIGS T2 SR = FHOL E5Fof &
Zotal 5XY oy HEo= EE3ith o] 4F2
ofZZFE ¢} flof FolaL Bl 93 Holn,
2|11 °F 250 m FAE 7171t
o] F3| U thF= APEA WS oh sk
A GuHES % ok Ste o fE9E
&3+ Hwang et al., 2016). o] ¢&2 7l &34
WA 43S bl o] o5t -3¢l Al
oS es Y Y 2H-HTL F
ok 24

o] R EEA hitghE s dRdtt 2
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0] A Wt EEA ZH4d A o] a3t B4
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Y1l &2 E HoEth(1H 2a).

Al stol| A BASE tHE 7|30l A
HA] o i £A%E-0 R QlE A= g 1
ofr| 2 &= o] glom 3| X SAHS e
o} E3E o] 52 Aol ¢ 92 v[ATL
o, 7k5 71 EFE0] 7]50] AlsHA| HE 3= A1
o] S5Y&T 5 HXItH ¥ 2b). 7142 Ao}
E5o| "HstEo] £=31g B4 A= E e
o, BA o vy ghego] A2 o Wt WEE=
FET2Z AN, A G, dZE1gA, A A, 244,
TH, Ao, Q13N o2 FFHt

a-

e
AN
:\‘E

flo oL r

43 AOIES

o) E2E Afo] £ Bl shed|E A5 3t
o &FRE leFHr}. o] S2 AHFES3U
F0|1L et g2 okof ofsl] Holv, 9F 30 m =
9] A& 7 th(Hwang et al., 2016).

SHRE Sl ux) A Sale B 54
AlYFo=2 Y53 FHs W7k d(vuleanian) 2
HYT S WA (surge) o BlUS o= A, &
e e WA SR Ald AR = 74
o oS8 HalFe S waArH Suoz il
Foh 7 A2 714 7ol &3] &4 (bomb-sag)
FEE W7D SHRele TehE e armored
lapilli) &2 BAStcH(Hwang et al., 2016).

44 =33

=33 St =S} At £33t
t}. o] T2 AP =F 9ol FoliL ot kS
3l¢oll oJsf @olm, 100 m o)/de] FA=Z =44
o} et =3 iR 23 YA 3AS o
o, -2 ST g eSage s A H 5t
Kol age g 37 7 71 Aol %14
© 2 ZFHS 7HRItk(Hwang et al., 2016).

ol FAH, 24 YT dHEo] AHE 3Kt
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Bt} RAHLS iR 82420 2 QFRkE wjof
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2 EA AP R e AR motE2
Apot=o} A et 8228 HHSk= Q3]
A2 E RAZETHIHE 20).

ZetollA o] e3> uEd 7o 2AH, F
M gHe FEY 0o BHEESS FE A
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ettty HAHE 35 1 i gabe|siahgo|
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Fig. 2. Outcrop photographs and photomicrographs showing representative lithology and petrography of the vol-
canic rocks around the Yokjido. (a) Outcrop photograph and (b) photomicrograph of the Jabupo Tuff, (c) Outcrop
photograph and (d) photomicrograph of the Nodaedo Tuff, (e) Outcrop photograph and (f) photomicrograph of the
Galdo Tuff. Abbreviations are as follows: pl, plagioclase; kf, alkali feldspar; qz, quartz; hb, hornblende; bt, biotite;
mt, magnetite; ch, chlorite; pu, pumice; gs, vitric shard.
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Arg3Y2 L =X Zdrojit F2shH, bAket
A =Y ol #olaL FAZE oF 120 moj 2t
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< FA3tt(Hwang et al., 2016).
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Fig. 3. Regresentative Cathodoluminescence images of the analysed zircon grains, showing the location of analytical
spots and *°Pb/>*U ages in Ma, separated from the Jabupo Tuff (HT03 1), Nodaedo Tuff (HT169) and Galdo Tuff

(HT111).
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apol| A Ag7get Aoj 20 EA4& vehdth(Vavra et
al., 1999; Hartman et al., 2000). SHRIMP U-Pb &
=7 A3} 147) BAX)= 80.3 Mao]|A] 84.0 MaZ
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2N 19 5a). o5 FA 02 AejshH *Pb/ U
71EBF AN E 82.06+0.55 Ma (MSWD=1.5)2 2z}
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S S 199 AR ANE 7HAH(& 1), YA
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9 el glom, Zk SAEL Y] A= 1 Aol

2 &4 (chronosequence) S LreHTE

Hwang et al. (2016)0] 33t AF Ex|o}E
o] K-Ar HFAY = 72.3~66.6 Ma B2, o] =4
At 7F AR ofsluAe} RatE erste
o5 ofeliAel mE BME o Frap H1
ololl w} I 29} o] SAE AFac T ke
=839k o] U-Pb ddj7} 81.36 Maz =
AHd 18] K-Ar AdlE= 65.6 Mao|th{Hwang et
al., 2016). =t =-8-3]2k] K-Ar AgA HA] £
o9 At ET A Uitk (Hwang et al.,
2016). T B2 K-Ar At} A7k okejzhAlo] ol
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Table 1. Summary of SHRIMP U-Pb isotopic data of the analytical zircons from the volcanic rocks around the Yokjido.

206 232, 207, 206 (2) (l%
A (T?n) A /235 b ay My oy
@) (pm) (P P 7P U Age Age

Sample HT031 (Jabupo Tuff)
HTO031_1.1 0.02 358.19  201.32 0.5806 0.2  0.0478 22 0.0262 22 8I.1 +1.1 -224 +480
HTO031_2.1 0.04  670.14 733.40 1.1305 0.2 0.0480 1.6 0.0268 1.5 807 +1.0 233 +189
HTO031_3.1 -0.13  265.33 11447 0.4456 1.0 0.0466 2.6 0.0257 14 824 +0.6 -439 +864
HTO031 4.1 -0.18  709.87 575.50 0.8375 1.1  0.0462 3.0 0.0264 0.6 827 +0.5 -666 +392
HTO031_5.1 -0.00 282.53 136.48 04990 0.2 0.0476 23 0.0274 14 821 +0.6 -287 +585
HTO031 6.1 -0.06 223.18  93.07 0.4308 0.3 0.0471 2.8 0.0260 09 817 +1.4 -808 +1196
HTO031_7.1 -0.19 284.81 142.11 05154 0.2 0.0461 24 0.0271 22 820 +0.6 -311 +670
HTO031 9.1 -0.12 33594 165.52 0.5090 0.2 0.0467 4.7 0.0244 1.5 84.0 +0.6 -187 +592
HTO031_10.1  0.01 196.94  120.32 0.6311 0.7 0.0477 29 0.0261 1.0 81.0 +1.6 -- -
HTO031 11.1 -0.11  202.74 127.34 0.6488 0.9 0.0467 3.1 0.0279 1.0 819 +0.6 28 +756
HTO031_12.1  0.01 350.90 179.68 0.5289 0.2 0.0478 24 0.0263 1.8 822 +0.9 -781 +888
HTO031_13.1 -0.01 225.69 108.75 04978 0.6  0.0475 3.0 00264 19 803 +0.6 444 +589
HTO031_14.1 -0.12 33292 229.92 0.7134 0.2 0.0467 2.6 0.0257 09 8I.1 +1.2 425 +422
HTO031_15.1  0.07 365.03  209.88 05939 0.2 0.0482 39 00285 1.5 823 +0.6 378 +344

Sample HT169 (Nodaedo Tuff)
HT169 1.1 0.09 38333 248.66 0.6701 0.2 0.0483 23 0.0260 1.5 82.0 +1.2 -13 +500

HT169 2.1 0.02 277.85 133.73 04972 03 0.0478 2.7 0.0260 22 807 +0.7 -13 +438
HT169_ 3.1  -0.05  246.23 95.33 03999 0.5 0.0472 2.8  0.0271 1.9 821 +0.7 -13 +765
HT169 4.1 0.10 30337 170.41 0.5802 03  0.0484 25 0.0265 1.6 809 +0.7 -13 +406
HT169 5.1 0.18 339.34  168.29 05123 03  0.0490 24 0.0250 3.0 80.2 +0.6 -13 +518
HT169_6.1 0.04 232.69  90.13 0.4001 12 0.0479 28 0.0258 2.7 808 +0.6 -13 +762
HT169 7.1  -0.05 23898 173.11 0.7483 1.4 00472 28 0.0271 2.1 824 +1.2 -13 +1205
HT169_8.1 0.07 437.13  390.57 09230 0.6 0.0482 2.1 0.0260 1.7 80.0 +0.9 -13 +246
HT169 9.1 0.23 35450  247.17 0.7202 0.2  0.0494 2.1 0.0281 14 80.1 +0.6 -13 +525
HT169_10.1 -0.01 336.26  130.24 0.4001 03 00475 23 00276 0.8 805 +1.0 -13 +523
HT169_11.1 -0.02 48132 355.17 0.7623 1.0 0.0475 20 0.0256 20 818 +0.6 -13 +351
HT169_12.1 -0.01 46559 33498 0.7432 0.2 0.0476 2.0 0.0265 22 82.0 +0.6 -13 +303
HT169_13.1 -0.18 34458 175.01 0.5247 04  0.0462 23  0.0278 1.2 815 +0.6 -13 +477
HT169_14.1 -0.09 47544 435.10 09453 0.7 0.0468 22  0.0217 1.7 783 +1.9 -13 +354
HT169_15.1 0.28 563.61 361.11 0.6618 0.2  0.0499 1.7 0.0278 1.4 830 +0.6 -13 +255

Sample HT111 (Galdo Tuff)
HTI11_1.1 0.02  287.53 128.70 0.4624 0.7 0.0478 23 0.0301 0.8 80.6 +0.8 -332 +621
HTI111_2.1 0.16  243.02 109.08 0.4637 03 0.0489 2.7 0.0262 2.5 81.7 +0.6 -130 +725
HTI11_3.1  -0.06 474.12 308.06 0.6712 0.6 0.0471 2.0 0.0259 2.1 8I.1 +1.1 228 +300
HTI11_4.1 -0.05 483.03 420.00 0.8982 0.2 0.0472 3.0 0.0286 1.5 799 +0.5 96 +281
HT111_5.1 -0.26  177.64 101.19 0.5884 03  0.0455 32 0.0270 2.1 787 +0.6 272 +609
HTI11_6.1 0.09 31044 141.67 04714 04 0.0483 22 0.0280 1.2 8I.1 +0.6 =77 +496
HTI11_7.1 0.07 35543 18341 0.5330 0.2 0.0482 2.1 0.0276 2.1 789 +1.0 103 +377
HTI111_8.1 0.07 26623  140.21 0.5440 2.1 0.0482 2.6 0.0262 25 794 +0.8 -431 +753
HTI111_9.1 0.08 364.32  205.62 0.5830 0.2 0.0482 2.1  0.0260 2.6 803 +0.9 -255 +465

HT111_10.1 -0.06  350.86  233.09 0.6863 02 0.0472 23 0.0256 24 807 +0.6 -70 +500
HTI11_11.1  0.02 231.62  157.44 0.7022 03  0.0478 2.8  0.0254 1.0 81.0 +1.0 462 +440
HT111_12.1  0.23 313.13  177.15 0.5844 1.7 0.0494 2.1 0.0310 1.5 797 +1.1 -61 +416

HT111_13.1  0.16 333.18  169.71 05262 0.2 0.0489 22  0.0279 1.9 807 +0.6 139 +411
HT111_14.1 -0.07 211.53 106.44 0.5198 0.7  0.0471 5.1 0.0273 3.1  83.0 +1.4 532 +472
HTI111_15.1  0.14 287.68  140.55 0.5047 1.1 0.0487 23 00282 0.8 80.6 +1.4 250 +405

Errors are 1-0; Pbc and Pb* indicate common and radiogenic portions, respectively.

(1) Common Pb corrected using measured ~ Pb.
ine 2%6pb 280 2pp 35
(2) Common Pb corrected by assuming = Pb/~ U-" Pb/ U age-concordance
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Fig. 4. Correlation diagram showing the proportions of
Th to U concentrations (ppm) of the zircons analyzed
by SHRIMP.
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Table 2. Stratigraphic correlation from zircon ages in three regions of the Yucheon subbasin.
Miryang region Mireukdo region Yokjido region
Group | Subgroup . o U-Pb ages ) o U-Pb ages ) o
Stratigraphic units |(Zhang et al.,| Stratigraphic units | (Hwang et al., | Stratigraphic units U-Pb ages
2012) 2016)
Dara Andesite  |73.01+0.75 Ma| Dumido Andesite
Cheonhwangsan
Yokii Beomdori Andesite |78.4+1.5Ma| Madong Daacite Andesite
Subgroup Daegibong Andesite
o . . . Yokjido Andesite
Hwajeri Formation Mireuksan Andesite
Bulgok Andesite
.. 88.0+0.7 Ma
Samryangjin Tuff 88.040.8 Ma Chudo Tuff 82.56+0.95 Ma Galdo Tuff 80.43+0.53 Ma
Unmunsa Wondong Tuff Jangpyeongri Nodaedo Tu.ff 81.30+0.54 Ma
Yucheon | Subgroup Formation Saido Formation
Group Yusanri Formation , Jabupo Tuff  |82.06+0.55 Ma
Punghwari Tuff |88.95+0.44 Ma .
Yangsan Tuff Yapo Breccia
Jeonggal_(san 88.7+0.7 Ma | Yeonhwado Andesite X
Formation Yeonhwado Andesite
88.8+1.0 Ma Janggok Tuff
Dueokri Andesite
Hansando Formation

Tongguji Andesite
CRELE R

Miryang Andesite

Saengcheolri Tuff

(andesitic lapilli tuff)
94.4+0.8 Ma

Hansando Formation

Jusasan
Muneopo Andesite
=o0lB
'6‘°ol"l‘

Subgroup
Jongnamsan Andesite
(aphyric andesite)
Palyongsan Tuff
FsH A
= Zlo]x] SRIRIRE Aol U-Pb izl 944 Ma
oA 73.0 Ma Y& B oEth(Zhang et al., 2012;

Hwang et al., 2017; this study). ©] A2 Ad| =}
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