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Sang Koo Hwang, Sang Wook Kim, Weon-Seo Kee and Jeong Jin Kim, 2019, U-Pb zircon ages and division
of the Cretaceous volcanic arc in the Korean Peninsula: Spatiotemporal evolution of the arc volcanism.
Journal of the Geological Society of Korea. v. 55, no. 5, p. 595-619

ABSTRACT: The Cretaceous volcanic rocks in the Korean Peninsula are a high-K calc-alkaline series, suggesting
the products of the arc volcanism caused by subduction of the Izanagi plate in the southeastern margin of the Eurasian
continent. In this study, the Cretaceous volcanic rocks in the central and southern parts of the Koran Peninsula
are divided into five volcanic arcs, such as Gyeonggi, Eumseong, Okcheon, Yeongnam and Gyeongsang, where
the spatiotemporal variation of the previous U-Pb age data were reviewed. Considering the beginning time of each
volcanic arc, the Gyeonggi Arc began in volcanism around 115 Ma and the Eumseong and Gyeongsang arcs began
around 110 Ma, but there is a significant difference among volcanic arcs, probably due to a lack of age data and
a difference in timing of producing a magma under control of faulting. But in terms of their ceasing time, the
Gyeonggi Arc finished in volcanism around 109 Ma, while the Eumseong, Okcheon and Yeongnam arcs terminated
around 80 Ma. Gyeongsang Arc also ceased in volcanism at that time in the inland, but continued in the volcanic
front toward trench until the Early Paleogene. Thus, the arc volcanism in the Korean Peninsula spatiotemporally
became younger sequentially as it moves toward trench, with two major turning timing of the volcanic ceasing.
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Accordingly, the Cretaceous tectonism of the subduction zone in the Korean Peninsula can be spatiotemporally
described based on the evolution of the Cretaceous volcanic arcs. 1) For 115~ 100 Ma, slab melting causing by
the shallow subduction angle may have occurred in the deeper part of the subduction zone to form the inland
Gyeonggi Arc. 2) For 100 ~ 80 Ma, the subduction continued with a strong convergence and as the Izanagi plate
shifted toward NW direction from 95 Ma, the arc volcanism became more active in other volcanic arcs except the
Gyeonggi Arc. 3) For 80 ~60 Ma, the transition to steep subduction resulted mainly in arc volcanism that only
occurred near the front of Gyeongsang Arc, but the arc volcanism was terminated in other volcanic arcs.

Key words: Korean Peninsula, Cretaceous, volcanic arc, U-Pb age, Izanagi plate, arc volcanism

(Sang Koo Hwang and Jeong Jin Kim, Department of Earth and Environmental Sciences, Andong National
University, Andong 36729, Republic of Korea;, Sang Koo Hwang, Institute of Basic Sciences, Andong National
University, Andong 36729, Republic of Korea; Sang Wook Kim, Department of Geologys, Kyungpook National
University, Daegu 41566, Republic of Korea; Weon-Seo Kee, Korea Institute of Geoscience and Mineral Resources,

Daejeon 34132, Republic of Korea)
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Fig. 1. Geological map of the Korean Peninsula, showing the overall distribution of the Cretaceous sedimentary,
volcanic and plutonic rocks, and fault systems. The volcanic rocks are divided as five volcanic arc: Gyeonggi Arc
(GGA), Eumseong Arc (ESA), Okcheon Arc (OCA), Yeongnam Arc (YNA) and Gyeongsang Arc (GSA) from

the volcanic zones by their banded distribution.
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Table 1. Occurrences and dating data of the volcanic rocks in the Imjingang Belt and Gyeonggi Massif.

Occurrence

Magma

Basin Stratigraphic unit mode type Age (Ma) References
Jij_angbong Tuff Epiclastics
Cheolwon Sm;i? Eﬁfgma Ring dike Rhyolitic SHRIMP 113 Hwang et al.
Basin Y Lava Andesitic  SHRIMP 115.0+1.1 (2011)
Dongmakgol Tuff Pyroclastics
Geumhaksan Andesite
Dike K-Ar 121+6 Suh and Park
50“13;?0% Gﬁy{zrlfsfrf“%v\zzled;‘}gf‘;ff Breccia Rhyolitic ~ K-Ar 131.244.0 (1986)
Pyroclastics K-Ar 132.944.1  Kim et al. (1998)
. Dike Rhyolitic SHRIMP 11141 .

Tando Basin Pyroclastics ~ Andesitic  SHRIMP 1113 <im efal- (2012)
Gureopdo . . Cho and Lee
Volcanics Gureopdo Tuff Pyroclastics Rhyolitic  SHRIMP 114.3+1.4 (2016)

. Rhyolitic

Cheonsuman Pyroclastics .. SHRIMP 10943 .

Basin Lava Andesitic  qppmvp 109-111 Kim el ak (2012)
Basaltic
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Table 2. Occurrences and dating data of the volcanic rocks in basins along the Gongju Fault System.

. . . . Occurrence Magma
Basin Stratigraphic unit mode type Age (Ma) Reference
Porphyry SHRIMP 84.4+2.1
Baekdam . Volcanic dome . SHRIMP 88.8+0.7 .
Basin Séggn(t;;;% :ll:ug Pyroclastics Rhyolitic SHRIMP 104.8+3.5 Kim et al. (2010)
g B SHRIMP 108.0+3.1
Intrusives Rhyolitic .
Punggm Pyroclastics Andesitic K-Ar 72.6~94.4 Cheong and Kim
Basin . (1999)
Lava Basaltic
Eumseong Pyroclastics iﬁﬁgi‘é‘li K-Ar 65.9840.93  Lee et al. (1992)
Basin Lava . K-Ar 100 Choi (1996)
Basaltic
Gongju Pyroclastics g, caltic K-Ar93.2+14  Lee et al. (1992)
Basin Lava
Mangryeongsan Tuff Intrusives
Byeonsan Seokpo Tuff Lava Rhyolitic SHRIMP 85.742.9 Koh_et al. (2013)
Volcanics Yamido Rhyolite Pyroclastics Dacitic SHRIMP 88.7£2.0  Choi and Hwang
) X SHRIMP 93.6+2.1 (2013)
and others Epiclastics
Wolpyeong Tuff Epiclastics
Seonunsan Gulchi Rhyolite Intrusives Rhyolitic SHRIMP 84.9+1.0
Volcanics Isangsan Tuff Lava Dacitic SHRIMP 86.5+1.7 Koh eral. (2013)
Gyeongsusan Dacite Pyroclastics
Gyema Rhyolite Lava
Beopseongpo  Hongnong Andesite Autobreccia Rhyolitic  SHRIMP 87.46+0.86 Kwon et al.
Volcanics Seongsan Tuff . Andesitic  SHRIMP 87.66+0.76 (2015)
Pyroclastics
Sangha Tuff
SIS fRE GEUY AFIIYOR o} BSHS wetd] werd wEad Fak (fault

TE /3ol ofstd A7go) vl 5 o d
53| ¥H(crystal-rich vitric tuff)o]] £33 82 % o] Q)
o, 3hof gke 7J5kS-3] ¢ (fallout tuff)S FAIGH
ok AIEE-3IoRE 1k B Hehbug we
BEo2 ARz} o] S3lke FEo| T §2]
of o, AAA o= vhys oF 50% Wiel= Eatst
7] W&ol ZAHA §3]H(crystal tuff) O EHE
ok Aogaiiore ghago s e AE/A St
= 3"H= *Ea_rElU% SAFNA FAPES o] R = F
3 AL AP o] wike =EA WS F
$517] miEol #e) 84839t A4S Vb

20]2]-8-3]¢2 SHRIMP U-Pb |tjj7} 104.8+3.5
Maojl A 108.0+3.1 MaZ SA H 1, NE&5-33|
2 888407 MaZ A= g0, ok 844+2.1
Ma2 ZA =9 tHKim et al., 2010).
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o] BAL EQh|e} Fol TN 01T 308
km Z7]o]th(Lee et al., 1992; Choi, 1996). ] 2]
A FoA= 2B ST Wokg|So] Foln, F5I
A= 2 ol HtdSel Eeth SHtdS2 4
2 752 ARQFIoN ST RekdE
A #stst, shELoA] goto] LAEHARE AR= 7}
CREREERNERCERE PR B
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SRl tiEt K-Ar AtiSA) 2}, dFeto] oF
100 Ma (Choi, 1996)2} G-52}0] 65.98+0.93 Ma 2
B EAcH(Lee et al., 1992).

o] Ex] 9| AIRE= Si09] §HFo] uhebd &
T2H(46.9%), 2FAFH(54.9%~55.8%), HIAFO| E H &
£ H(58.8%~69.7%) 02 2=, QHiteto] AlSH.
ol grale] sishRAlAE Az AR et
WHh(Lee et al., 1992).
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o] SRIRKF=Si0,9] Fafel] whha] HHH48.35%),
FHok QRARK52.7%~57.0%), 2FAIH60.0%~64.2%)
o3 FEEY, gfE AR S9rRE AEH
o] SRR 3f5kR| 0 7 Zaee] Ado| &31n,
Azl T sHiEg o] Yolyka-S whggith
(Lee et al., 1992).

3.2.5 WA} SHAIQHA]

o] BHIGHI= T4 ROk HE T A S 2(Choi
and Hwang, 2013)3} &3 Y= 845 = =Z(Koh
et al., 2013)of| A ThFE F-EHE WA HAle|EE
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THARSE 9, AE-3EY, SAIESEY, A233Y,

it BHot7| jitsol R U-Ph MOE ACH: S3ArEe| AlFZH Zigt 601
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2 3Z-2-35|9k2. SHRIMP U-Pb AAt}j7} 88.7+2.0 Ma
2 Z2A = Qo m(Koh et al., 2013), Y=o A LFA
S2Y2 85.7+2.9 MaZ2 S H L 714883
tiulEc) 221 oo AREEl= FHEEE 93.6+21
MaZ &2 5 tH(Choi and Hwang, 2013).
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o] SHAFIAE 13 FRof 10x14 km =27]2] €
Qo BEsie e BEAZ olltt. o] 3
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FAgE, AL AT S HAYF po=
F-EHth(Park and Lee, 1988).
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Sck(Koh et al., 2013).

AgAE SHiteRE Ssta o7 Zaokde] Ad
of| &3} SiO, o] 58~70% = F7ket wheba A
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el th(Park and Lee, 1988).

3.2.7 YA SMAIQHA

o] Skl = B AlBitE wet 7.5x15 km o)
EfgAro 2 Buditt 7R E R ZoA o e
2 B3R5 om(Chang and Hwang, 1984), 1 &
o sH A SHIAFE tHELRMIYS, S 5
A SPIAFRE SRl B3RS, AR 4] SRR
£ 2EsEEo 2 HsigtiWon ef al., 1991).
a3 BR0) WA Z=Eof|A] 5H A SHR
£ Aokt GAkg e e 2 By, S5
T4 SHIA T AV SRS 27 st
ARte} AlukgEeto 2 7iAsHtHKwon et al., 2015).

SHRIMP U-Pb A&7 ¢l 2J5tH JAHg-3]9h-2
87.46+0.86 Ma$} 87.66+0.76 Ma=2 24|31, 7|
ol A= 84.941.1 Ma At E Atk (Kwon
et al., 2015).

o] 3HteHAl= etA o7 AUz Ads U
Epdt}. mebA o] 2|99 SR o] 34
off fEtAlobtt AR A e E Y g} Y
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Table 3. Occurrences and dating data of the volcanic rocks in the Okcheon Belt.

Occurrence

Magma

EA A w

Basin Stratigraphic unit mode type Age (Ma) Reference
Tongri Avobreccia  Dacitie | KAT4942:073
ong utobrece crie K-Ar 56.0342.46  Won et al. (1994)
Basin Pyroclastics ~ Andesitic
. K-Ar 66.92+2.1
Lava Basaltic
Dike .\
Mungyeong Pyroclastics  Lyolitic K-Ar 89 Kim (1971)
Volcanics Andesitic
Lava
Muju Jeoksangsan Formation A tL]r;l:a ia Andesitic K-Ar 90.30+1.28 Park and Lee
Basin Seolcheon Tuff utobrecela = ppolitic K-Ar 91.16+2.00 (1997)
Pyroclastics
I\J}njang§an Seodaesan Tuff Pyroclastics ~ Rhyolitic K-Ar>85 Kim (1971)
olcanics
. .. K-Ar 76.4+1.1
Naejangsan . Rhyolitic
Sunchang Rhyolitic Rocks InthIVET'S Dacitic K-Ar 75.343.0 Won (1990)
. ... Pyroclastics . K-Ar 85.0~72.5 .
Basin Baekyangsa Andesitic Andesitic Paik et al. (1979)
Rocks Lava Basaltic K-Ar 90.4~77.9
K-Ar 92.8~80.8
. SHRIMP 85.41+0.58
Newngiu O e Pyrociauies  Rivolitic  SHRIMPESR2:084 | (2014)
Basin Y Andesitic  SHRIMP 87.72+0.59 ~"& ¢ 4"
and others Lava
Yudalsan Tult SHRIMP 78.44+0.67
Jaeundo Tuff Intrusives SHRIMP 80.2£0.9 o0 o/ 4l (2014)
Mokpo . Rhyolitic =~ SHRIMP 83.77+0.62 . ’
. Rhyolite I Lava .o Kim et al. (2014)
Volcanics i, . Andesitic SHRIMP 84.6+2.0 .
Gijwado Tuff Pyroclastics Choi et al. (2016)
M Iri Tuff SHRIMP 86.342.6
aewortt 14 SHRIMP 97.55+0.62
and others
SHRIMP 85.6+1.7
Yeonepuneri Tuff SHRIMP 97.7+1.1
gpung Rhyolitic  SHRIMP 98.5+0.6  Kim et al. (2014)
Haenam Dueokbong Tuff Lava o .
Basin Jamduri Rhvolite Pyroclastics Andesitic SHRIMP 98.2+1.3  Kim and Nagao
Hwawon Formaton Basaltic ~ SHRIMP 99.7+1.1 (1992)
K-Ar 95.4+2.9
K-Ar 103.4+£2.5
Jindo Jindo Rhyolite Lava Rhvolitic K-Ar 72.5~75.4 Kim and Nagao
Volcanics Samji Tuff Pyroclastics y K-Ar 73.9~76.3 (1992)
of <jsf ’%* A A3-ddE AL vpant 3 "H(3IHL &)
A A= 4t cH(Won et al., 1991).

3.3 SASIAHCH

2T 2

el el ehitol 222] NE-SW

HEAE viel Bl 24 S, S5,
A, S S, $A 27, 5, %

= SRR, sE=Al, A= EP‘}%T*H o= A4

3.3.1 F2EX

o AN BAIAFE e Atole] g
AL, A3, A Ao 370 Aol B Ho &
Zsto 2wl Ak 9 BEAR SHAMA R U
HAtH(Won et al., 1994).

HEHAL SRS 5x6 km o] ElgAte g



el

=325t ¢k 500 m FAE 7HIct. o] SHieHAl= 8t
FERE @5, oL f29E 82483 59
A2 FEET QRS K-Ar A7} 66.92+2.1
Ma® ZSA =t Askil 3HAEAI= oF 200~300
m FAE 7M1, f-29E $3UT i f2
¢ro] =2t nE gttt sHE 292 K-Ar Azt
56.03+2.46 MaZ 23 | QIth. EFAF sk = 5}
O Hiabo|E, TR FEUE S3Y, AR &
29 2 o g Ad) Ao ES K-Ar A
=49.42+0.75 MaZ ZA = tHWon et al., 1994).

WAL BFARQEA = SiO, FHego] 46.30~75.0%, A
SPAL SRS 74.65%~76.31%, A SRS 66.33~
72.49% HJolth(Won et al., 1994). o]l &2 Z3 &
Ze Age) &3t 1K FQof A€t o] &
A2 g EAA T Hxsh= SR 3 2
3t A o] Y|zt

3.3.2 &7 3HHA

£7 24 o)t doje] st 284t
sp7utetolatar 714 = QA THKim et al., 1967), ©|
Zof| SAlsiIQL, dinjakg-3]otat st o2
FEEAcH(in et al., 1992). SLALSIAIGEL ¢FAGH
A WA glate] EF o), thujikg-3| -2 HlAto|E
A Y2 LR 24 7HITh SRk o] K-Ar
A7} 2F89 MaZ K I = ch(Kim, 1971).

333 2383

o] BAE HAAse slkRE T4 o
2,000 m F7E AT 241 AL 3eL, Wol2)
%, 09913, HAE o= AguecPark and
Lee, 1997). o]0l HH-33da A FAt50] 3t
IR FHH AR SIIHS o800 m FAE 7
A A7o] FHet Sh g3 ol o] S
K-Ar A7} 91.16+2.00 MaZ &4 = icH(Park
and Lee, 1997).

HAAEE 337} 2 sl s galeln
2+ 2] (lapillistone) 2. 2 A = 1 AHH= QHAIF
A ot Zeleh B Salgtol M) HIeH &
oFe] K-Ar A= 90.30+1.28 MaZ2 A= S
t}(Park and Lee, 1997).

HBSILE ) FEU A5kl Sstn
Si0; ZAJ0] 69.2~77.9% Hjo|n] LIz Ad

it BHot7| jitsol R U-Ph MOE ACH: S3ArEe| AlFZH Zigt 603

o) K AR £3heh. TlUs AET BERL
el wo}7] o] sfee] A12le] whe s v
9] 2424 YX|& YERATHKIm, M.-S. et al., 2008).

3.3.4 SAHAL SHAIRHA|

o] SRl LA ZA10 & 21x25 km 3
719 etgA} Zgje) FHER R Baxsh, Wely] 2
QMR o] e RS BT o2 Y1 g},

o] SRAIHAL al9|2RE FHeE, AT
b, A ogulel, slpete] o g Hewnt AuAke
o+ LA O] Zokel| WA Bxatn, Szt
2|t F 1,000 mo| ™, R &L <k 430 km’o|t}. o] ¢
20 =2 gato| EA~G-EHY £4335]9to| g,
SHATEE 29} sRo A $3)7kEel, Bl El S
3]9te 2 Ho|Ht) 2415 s7kore 24 Y%
2P olw K- o] thgt K-Ar FtjAdh7} 85 Ma
o]th(Kim, 1971).

[+

7
<ol

N B foh o

3.3.5 &387]

o] BAl= £33 5 Aol B2 9 3
TS Sl 550 FY HF ol sl 3
A FA4E Q18 E =ARA, 50x25 kme| ntE R E
o|t}. o] 2| ] AF= il sHiketA| 9 5= 7
A SAIIA 2 FEECE WA st 24
SHEO| QAR TS AR WAAHE
HAUFE FEH U

WAt SHRQEA| ol A AL F R Qo] K-Ar A
A7} 92.849.9~80.8+1.3 Ma= ka1, QHAQH
o] K-Ar AL 7}90.4+4.0~77.9+3.0 MaZ, A+
AL 3pAFzZEE ¢o| 75.3+3.0 Ma (Paik et al., 1979) 5
© 2 HuE gt 223l 7 AL SHEEA ol A oFR
o|xt ke K-Ar AYAd)7} 85.0+1.3~72.541.5
MaZ S =4 cH(Won et al., 1990).

o] SIAF= FHONA SIO, ol 47~72% H
9, ATl A 45~74% HARZA ALY ZE S H
ot} olF IR St o s A
2] Ago] &shm, woly] fefAlopbt AR 1
B F G g Aol e Ay Ag vt
ut9] Ak of] 93t A o|th(Won et al., 1990).

=4

3.3.6 mxl
o] #AI= 27 oF 40 km F7]9] ¥F FEA°|



=Y
S
K
o
0z
Sy
oY
0z

v, BE7k CHIGFIG R FRIAURE T4
=, AT} 22 RGNS

IR 719 BRI e ] AR BETHE PAE
Bojzoh E3] BS54 sk = wjelr) o] Aot
, S}eotalel, =G R9K94~92 Ma), B33
I $oE82le TR =Y, 5
F3] &0 2 PAE U

PEAFS SIS ShEh o] ofdt £iol ojshd
RE Gt E e £31w, SHRIMP U-Pb &
t)7} 87.72+0.59, 85.82+0.84, 85.41+0.58 MaZ =
A= ek Jung et al., 2014).

> 19 ol
oo

r
H

3.3.7 2% 3HAH
o] SAIAIE G BERZRE XehEe] oY
0 LSS 1:11:1 0\:!01-7(1 _O_QOI-_L]._L].
dero2 74slol olek BREEE 7] el 7
BE)31(Kihm ef al., 2014) GU=Zo 67 o=

Bou(Kim et al., 2014) 2A- A= v 2= 7| F
E=Z2 77) 2 A Atk (Choi et al, 2016).

o] M IHA Y] oY Fo=RE $AH 9] ke
35 A 4= vk A AR &3= LS
o] SHRIMP U-Pb AtfZ3 A7} 97.55+0.62 Mad],
7)8=23]0to] 863+2.6 Ma, S-E9H(I)0] 86.4+2.0
Mao]l FAIstAt F WA {3)= A2=8-3]Yol
82.9~83.7 Maol| AR =333} oA WA B

ST EHE whebs] f2ol AR = U Al ¥
‘1"_"9:]‘1:‘ Helg-3lero] 80.240.9 Mao]| HIE=-33] %t
T YEST ek 2 SIS EI] 78444067
Maof| ZA| = AcHKihm et al., 2014; Kim et al., 2014;
Choi et al., 2016).

3.3.8 A

o] Aol e SHFERE ATk FRet 9 kit
A} QM MM EY e R A d S At
gt o7 S8 FAE Sle gl
HEJTE o2 diFE 719 At Gl o7t
WA e YRk g w2 o] B

K-Ar bt S48, 3-S5 Uio @799
A7} 103.4£2.5 Maof| 4] 101.9£2.7 Mae] 1L, QHit
o] 95.4+2.9 MaojlA 94.1+2.0 MaZ SAEH Itk
(Kim and Nagao, 1992).

e} sdiix] 2ok 4 SHRIMP U-Pb <t
Z7of o FFel-=eo] 99.741.1 Ma, 98.2+1.3
Ma¥} F95-5-8]9to] 98.5£0.6 Ma, 97.7+1.1 Ma=
gralglon, g5elo2lee] 85.6£0.7 Mag 545
ATHKim et al., 2014).

3.3.9 A= KA
°l st = SR E AR ESI Y, A
SR, QAIFA $Ble ol Basin, ol 74

eI ohelt Ao GHadas L5 5
34 &30l @AEtHKim and Yoon, 1971).

o] BhkIF ol Thet K-Ar Agrait) 242, 4
A-L35]¢to] 73.9~76.3 MaZ Hl& % om 11 H2]

Lo AE-gEeto] 725~754 MaZ2 A=t
(Kim and Nagao, 1992).

3.4 ALSHACY

A=
A, AEEA, 2, 243, 2 9
AR AEEH(T™ L #4).

P HolA FulA, T
1 s =

3.4.1 FujEx]
o] BRlol sho] HAerRoL Ao IR
2 ZAH HAYRE 2 A9 8 o] 55
< o|FH, z*‘V]'o 2 G52l siggth(Kim and
Lim, 1974). o] 52 SMIYAIE 3l FFo= 15~60°
AAE ol 2.
SR Skl Rl Aol fEdd
42 Lhel SHIARITE §2S AU T
g0z TRum, GEATE ST AL, 4
Bor 89 4 2330t R e R T
o} SEolme FAtotm o 2 Folsky Qlon, S5
oA FE L olZo]| E|F oS W oFAlelRI QbR b}
ZEo| B2 FEFNA AEstd adaE
(intrusion breccia)S FAI3IT EZ Yo HEH
oAl EeaasiElof Qe meb FoAt SIS
o 4=5.1x9.9 km Z7] 2] ZH|atS of|Aket <= 9k

3.4.2 B
o] BAoA A= sHr=RE +HET, a4
A, EFSH L8AE0 2 FHEEGITKLee and Song,
2007). 284He-2 32 A, A, B
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Table 4. Occurrences and dating data of the volcanic rocks in the Yeongnam Massif.
Basin Stratigraphic unit ch?(tgznce Magma type Age (Ma) Reference
Gumi INUSIVES Rhyolitic
Basin . Andesitic
Pyroclastics
Intrusives
Gurye Obonesan Formation AutoclasticsL  Rhyolitic K-Ar 81.3+£2.40 Lee and Song
Basin & ava Andesitic K-Ar 106.67+2.40 (2007)
Pyroclastics
Goemok Munyusan Volcanic Int]rj; i;:es iﬂgggﬂi K-Ar 58.4+1.2 Kim, Y.-L. et al.
Basin Complex . o K-Ar 56.0£1.2 (2008)
Pyroclastics Dacitic
Hoeryeongdong Tuff
Boseong Docheonri Rhyolite Pyroclastics  Rhyolitic
Volcanics Obongsan Tuff Lava Andesitic
Gaeksanri Andesite
Seokjeongri Rhyolite
. Mamyeongdong Tuff
Gangjin g o canri Rhyolite Lava — pyvolitic
Volcanics . Pyroclastics
Jangguri Tuff
Mananri Rhyolite
Namchang  Buyongsan Extrusives Lava Andesitic
Volcanics Yongsori Extrusives Pyroclastics ~ Rhyolitic
Byeolhaksan Rhyolite Intrusives Dacitic SHRIMP 80.30+1.2
Goheung Podu Andesite Lava Andesitic SHRIMP 81.40+1.3 Kim etal. (2015)
Volcanics Paryeongsan Tuff Pyroclastics  Rhvolitic SHRIMP 83.99~80.98 )
Guryongsan Andesite y y SHRIMP 84.86+0.73
HE FEd €2 A2, clES AN & S RAERIE ERAIT:
)3 SMIRFR AR Fokgrh(Kohetal, 2009).  K-Ar Agrd)=gol st iAol = sk
B0 A 235192 K-Ar AgAd)7|106.67+ A2 58.4+1.2 Mao|al, QFAFEE 56.0+1.2 Mao]

240 MaZ HU =S, 279 298 S3e=>
81.3+2.40 MaZ ® 115 ¢}t}(Lee and Song, 2007).

SARFESIA| = $1814 0 2 Si0, 31Fo] 52.0~78.5
wt.% 9] §& 2AHAE UehH, & 5Kt
A-K 9o Zadze] A9y A Uehie =
TE WEHEA T FY FME HEAHE
o] &3ttH(Koh et al., 2009).

343 HEBEZ|

o] A= sHto EA ATl AR R4 3t
ARPEA R g dnt E4F SHEAl= of =
e S3A EH, AV M, ekt &
TR A= O] Stk A SHJ A A2 HlAtel
EA YA f29E s E S Hnt okt
o2 7HE GA 2325, RS ke T

th(Kim, Y.-L. et al., 2008). BF3HEA] 2} o] o]5hH
o] E4F 3HHAl= F-KollA 1-Ke] ¥ 9]e] Z+
gz Adoln, JUthet B fFAHE 3}
AzEre A L2A WAL HolZthKim, Y.L ef
al., 2008).

344 BA SARHA|
o] A= SHEERE AAtE|okAtet, 254t
S =R 2, eSS d o=

o5 SR SYL R FEsk= AT} o] A

2 g2 Aol A,

3.4.5 73 3HIHA

o] shittAls STl EEdTot FEAEEYR



606 gyT - A
so FEEth(Chang and Kim, 1967). £4-2]&
%"cl'-?rt 7 E ]'Z‘—-li/ﬂ EHH =339 B3

B %%‘%E —’F‘%’B&E}. ﬂ*ahﬁéi‘-%” EH T A —‘1

ol A5hl P2hen §AGE YAk 4
O CEREEE awa~mh+ :
szleier So2 FATT S8 Sukih o] 3

BAHEAE A SEAIM S2HEE HoAFAT

BAREYR U AT S22 A eiett

3.4.6 & KA

o) SHias bR Wl e, )

2, SAEREY, ST A2

& vé_ Eolth(Kim and Park, 1967). 0|52 &
T FEdd=A s d gt g4l w3she, 3t
A Y-S FA o] YAHE o] FAHEE TEAT]
IS TAIRE RS EE AR

34.7 15 3MIHA|
o] hittAle sHF =R 1E-S3 Y, 2=
o TR, TR B, EEbadekt W)
AbQ Bl &0 2 LA THKim ef al., 2015).
1E3I e FEAE S ol &3, TFAt
S HAIEA A R S-3 ol sidE
o} T Akg-5]9He SHRIMP U-Pb dtj&A o] 2|
a1 83.99+0.96~80.98+0.65 Ma 2] AhE Lrepuich
(Kim et al., 2015). QbAFFS F-E-ARQHAR T} LRk
Aoz FREITE FEARMI AAZE Hh
24& Veh) 22 SHRIMP U-Pb A7} 84.86+0.73
Mao|m, EZFEQFAIRRS Tzl H|gk4to]al SHRIMP
U-Pb Ath7} 81.40+1.3 Mao|ct. §-EU4e 22 ¢
Ho 2 BAEAY £z AEHr) ekt
Sk} Atfe SHRIMP U-Pb At&Ae] o3|
80.30+1.2 Ma=Z Bl Hth(Kim et al., 2015).

L AR oA NNE-NE-WSW 8}
o8 gHeF XS Uetdrh(2d 1). o] EA|
A BAARSES Als S, St FHSTL

2 JLEETHChang, 1975). 3lEolls B &¢tE
o] o2 S0l BRI S3 o] A= FAH
1, FAZTollE i A WAl fedE g

SHI I E o= A

LD EEE RERST

SRl SRR SR 3EAar
o SRR, oA FATY ARTARY, A
A, TIATY, AT, slukATY, oF
AFERQF 420 2 FA =0 QITH A 5; Kim et al., 2000).

(H BBAE R o] @RI AIS JAHHI
5 WFoRE F12km Ao|E HHF 5~6 m FAE
7R Algheeto] 3lgto 2 8 30~40 m 7FF of
S0l WAEIh HBARRIE Sofo] §ot BETH
(flow unit) 2 1A =™ 7 5 .0] 3 0] (pahoehoe) 2]
E4-& B ltHJeon and Sohn, 2008).

o] 8910 SiO,7} 43~53% WHYjo|a detH oz
F ok oAkt SFE th(Kim et al., 2000).
SHRIMP U-Pb HtjZA o] ola}® 3 ZAFE 5ol
A= 108.0+2.6 MaZ A= (Kim, J.S. et al.,
2011) 1 o 9] XF52 1124+1.3 MaZ gttt
(Lee et al., 2010).

(D a5 o] A2 dit e SHL
2 NE-SW ko g oF 20 km Zo|2 AF&EH, 3
o] G4 @171 100 m W&} FAE 7HTh &
oF B} ARk sjetol @ek Zheigro] A2
), ol §970] 58 1) AlohR g0 P4
HE= 278 e autobreccia) ol 3f-E tH(Jeon and
Sohn, 2008).

i’r’s‘ 2/32 SiO,7} 44~57% W 9lo]aL kA oz

AR A AR kARl S ETHKim et al.,
2000). 1 o}2] Algkeiere] SHRIMP U-Pb A7}
110.4+2.0 Mao]|=Z(Lee et al., 2010), S-5-& 7
£ 110 MaXt} of7t o 3& Ao g yzt=Eh

(ch SARERGE: o] BIGL B oA

AFAA YT =AFF Abolof R, FA1=15
mof|A] 700 m Hejo|th AF AT A Hof wt
2} 2~13m 9] &-oF HRlE= AL AN A9, A
A} o]eE oAl AR HMRbE o2 §of T
£ shRolA T w9 WA Exst=t vls
F2 7FHA gFolR| AL B2 ¢to] thas A YA L |
Haj|Z T}

RN R ‘—.% SiO,7} 48~53% Hl9jo]ar 25t
oz H ol sFH cH(Kim et al., 2000).
(@) AAFAREE: o] BFLE B 59
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Table 5. Occurrences and dating data of the volcanic rocks in the Hayang Group in the Gyeongsang Arc.

Stra?}iﬁphlc Intercalation level chlllggznce M(as%rcr)ljot/y )p © Age (Ma) Reference
0
Chaeyaksan ngfglggzri Epi]i:;t]s;ics Basaltic Kim et al.
~ 0,
Basalt Formation Pyroclastics (46~57%) (1999, 2000)
. below the Jindong . . Kim et al.
Sinsudo Tuff Formation Pyroclastics rhyolitic SHRIMP 95.79+0.98 (2013)
on the Banyawol Epiclastics  Trachybasaltic Kim et al.
Hama Basalt Formation Lava (45~55%) (2000)
Gusandong ~ PetWeen the Haman 97 1sz-loC P9_71\/135):1 8 J\glzaof)g;l.
4 & and Banyawol Pyroclastics Rhyolitic D 0 )
Tuff Formation SHRIMP 103.0+1.2 Kim et al.
ormatio SHRIMP 104.1+1.3 (2013)
Haman Basalt in the Haman Lava Basaltic Kim et al.
Formation Pyroclastics (45~53%) (2000)
Daejeonsa in the Dogyedong  Autoclastics Basaltic Yun et al.
Basalt Formation Lava (48~53%) (2000)
Secheondong  in the Dogyedong  Autoclastics Basaltic Kim et al.
Basalt Formation Lava (43~55%) (2000)
Osipbong Cheogn th:n san Lava Basaltic Kim et al.
Basalt gryang (48~53%) (2000)
Conglomerate
Hakbong on the Silla Autoclastics Basaltic Lee et al.
Basalt Conglomerate Lava (44~57%) SHRIMP >110.4:2.0 (2010)
Cheongryongs in the Chilgok Basanitic Kim, J.S. et al.
a Basalt Formation Lava (43~53%) ~ SHRIMP108.0:2.6 000
oA =AES S5l 10~20 m FAZ AAdt. FHHEE YA Utk o] 4= g0l ZE 1

o] AU 2) o] G Tt T Afolol AKYE, o]
& A Aol FAE o AUtk 7 AR Dv A
ol R Abo] o] F3to] EAE= v Al oF
< AFYE Z= o] AAEE AL 7 A Fofl= ek &
T4 2283 Y5S ol k. A=Y &0
S5 4 H49 S7h= d3f AR A7 A-g
(autofragmentation) .2 471 ot Alo|o] E|Z &
o] T3t FAE AHEHAY L= S H.
A EEFES AT FAT v FARH
Si07} 43~55% B 9jo] T BFakE 02 ti7) Ao
o] SFEHKim et al., 2000).
(T HAAEFY: o] FRUL T YFolA
EAES el oF 60 m FA= FAET AL
BFA2 ol A= o] oA wje @R
2 gorehel= = EETHYun ef al, 2000). Z+ £
‘?J":}-?‘]h AAA L2 7~10 m FA0|AL =Y
AF gESe] "E] I 1 Aolof HZA

Atapfargol ofgt Artzreiere 2 A Ech ot
oA o] g9k Helo] B 29AE 71 oo} &
QH(aa lava)o.2 BHET}.

248 Si0,7} 48~53% Hejol|n slsH o= 7
Fre] dEeof = tH(Yun ef al., 2000).

(8h) AP TG o] BT AT Aol FA
wju] gI3} shkaAre] E3oln) Skl
gotuct oxg Hol,

24L& SiOx7} 45~53% Hjolal SfEHF o= o
A2 @R} o] £3eh(Kim et al,, 2000).

(H FAFEB: o] GBS $3 W o4 &
BRI IET woFY Aolo] 4 AHE I}, of
SIEL oF 1~4 m FAZEA FES 2 200 km ©]
& QEEY, 2824 o] SAGR Fa% 1S
© 2 o] gEcH(Chang ef al., 1997, 1998). F+4HE
S92 BRIl AT FAHS A9 Es)

A e Boldt R oln, 2HE SEY WA
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fra Ao Eolt}

T2 Ao LAICP-MS &40
A BE 9E S3Y Ati7F 42 97.1+2.0 Mag}
97.3+1.8 Ma2 Ugka(Jwa et al.,, 2009), SHRIMP
U-Pb AjZAHA = B2 L3|2te)A] 103.0+1.2
Ma, 92 $-3]¢tolA] 104.1£1.3 Ma2 Lo} A o] &
Alof B&H Ao 2 A "rh(Kim et al., 2013).

(o) sttt o] FRS YRR A A T
AFE-S3|U T} BRI (E2 A4S Aol EA
e, ARG s EgT 84 250 74
Hol Ut

38t2AdL Si0,7} 45~55% ol BFHA o
2 2HAFRF WA 2H A SFETh(Kim et
al., 2000).

) A3 Y o] YL FHLEA] FA
Fof|l A el shtollA AAEEH, F4Hs Y

wr} o7k 9jof &9t o] 23] SHRIMP U-Pb

AZAoA 95.790+0.98 Mag Lgkom LAk
S3YET ot Fof 5 A2 2 A EHrH(Kim
etal., 2013).

() HFAERY: o] ARG FHLEA] R

oA Hhdo = YA st AT ool &
A= oF 300 m FAE 7HAH. o] FFH2 st
HH o] AlstaL 3 o] -gero] FAYE o] 1w of
2B Agalo] Edlspilitization) E]o] T} SHAHY
AE tiA =2 sH7F S ol S 77 4
ofolm AFE7F & Fa4d ¢ho|tH(Kim et al., 1999).
3etzA]L2 Si0,71 46~57% HH9)olal st oz
AR WA AR kit W 9ol iFErh(Kim
et al., 1999, 2000).

4_:,L_4 SRR AAMEZ] Zut
H= IE]- Il ‘E,‘rsﬂol-oi A== AR B F
A% (Hwang and Kim, 1994) &2 73“@}*}@3}_1_
AR TH 2™ 1; Chough and Sohn, 2010). 443
o fA2BA o) 7 FU IS Bxfe, 52
=32 243} U-Pb Acflo] 28] FAMIolEE
o+ PUPIUR), ERALSO F204
B obatelIohe) 9o} AlFols
PR %E—%%P%)E FEETHE 6; Kim and
Lee, 1981; Hwang et al., 2019).

N
1o
=
oy
0
A

(7h FALRR: o] oRETe HHARA 0
slegze] A H(ES 5D 9ol Sk of
S& ohieR 97 Sl gre R TR &
54 S295-2 P B Arjold FApo}
BE gmes RIS S0
HHAF QRAIRY), QPR AVEEI S SRl (EhE RS Bl
A iy

ZARMRES. LAICP-MS U-Pb <Ith7} 94.4+0.8
MaZ 24 =931, YRS SlhLof| A 94.3+2.0
Ma=Z, Ao 4] 88.8+1.0 MaZ &%= I tHZhang
etal., 2012).

() SEAOIEZ: o] o5 Re SHLER 59U
BollA] A0 F2 BEsjn WioA 2 4
A o] BET) LR FYROIH o] 5L 3
A Zrejeiz) Srels|A of ezt FAT B
o153 81913t 45hg Blgrol WS Amslo] U
& QA o el R, ARSI
ARS3¢ke 2 BEREtHwang and Kim, 1990).
Y=g 3jote] A LA-ICP-MS U-Pb A=A
915 88.040.8 Ma, AF}712-5]0ke 88.0+0.7 Ma
8H& F th(Zhang et al., 2012).

_n.x-] B2 oA S EXJo[E2S SHRIMP U-Pb

2] o8] E5}2]-2-5]9H(88.95+0.44 Ma), &
Qﬁvzzl ©}(86.69+0.78Ma), 1=-3-3]9H(82.56+0.95
Ma), AHH3E-8-3]9H(82.06+0.55 Ma), =t =83
(81.30:0.54 Ma), ZH=-3-5]9H80.43+0.53 Ma) &0
TEE 1 AhR]of JshH EEA]7]= 88.95~80.45
Ma HHE YUebAckHwang et al., 2018a, 2018b;
Lee et al., 2019).

(EH _g_x] ol'i:'b o] O}FA2 FHAER 9] FH
o) 2P 02 wETi) o) PolNE BY nSE
oA MM AS2 Al Y3f sHR=HE v &
Aighikel, nhE o], Solohile 402 TR
a1, A& A Gof| A ofHAdQFAetal Fr] kAR =
6 2 FREAHHwang et al., 2016b). BoleHito]
s 28 E]-8-3¢he] dAdi= SHRIMP U-Pb &7
o] &3t 73.01+0.75 Mao|t(Hwang et al., 2018a).

FHLRA] FFFAA HEeriteh2 ojH &
w2 78.4+1.5 MaZ 88 F th(Zhang et al., 2012).

(@ Argolg 2 o] oS T-E U FRo] 5o
oA SIRZRE QH|=F, =3I, HAMEY,
AFE-S3)¢t 02 FFEETHHwang ef al., 2016b).
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Table 6. Stratigraphy and dating data of the volcanic rocks of the Yucheon Group in the Gyeongsang Basin.

Subgroup Area Stratigraphic unit Oc:rlllézznce Age (Ma) Reference
. SHRIMP 60.1+1.8 Hwang et al.
Guamsan Tuff Pyroclastics SHRIMP 63.7740.94 (2017b)
Myeonbongsan Tuff  Pyroclastics ~ SHRIMP 65.03+0.66 vag%eat)al.
Uiseong and
. . SHRIMP 66.08+0.62 Hwang et al.
Yeongygng Unjusan Tuff Pyroclastics SHRIMP 66.65+0.96 (2019)
subbasins
Sayang . Hwang et al.
Subgroup Muposan Tuff Pyroclastics ~ SHRIMP 67.08+0.96 (2016a)
. . Lava
Jipum Volcanics Pyroclastics SHRIMP 68.5+1.6 Hwang (2017)
. SHRIMP 69.16+0.66
Southern Saryangdo Tuff Pyroclastics SHRIMP 69 720.69 Lee et al. (2019)
Yucheon Intrusi q e
Subbasin . ntrusives wang et ai.
Namsan Rhyolite Lava SHRIMP 71.74+0.47 (2018a)
Southern Lava Hwang et al
Yucheon Dara Andesite va SHRIMP 73.01+0.75 wang ef at.
. . Pyroclastics (2018a)
Yokiji Subbasin
Subgroup Central Lava Zhang et al
Yucheon Beomdori Andesite . LA-ICP-MS 78.4+1.5 & ’
. Pyroclastics (2012)
Subbasin
Galdo Tuff Pyroclastics ~ SHRIMP 80.43+0.53
Nodaedo Tuff Pyroclastics ~ SHRIMP 81.30+0.54 vag iggebf)al.
Jabupo Tuff Pyroclastics ~ SHRIMP 82.06+0.55
Southern m ]
Yucheon Chudo Tuff Pyroclastics ~ SHRIMP 82.56+0.95 W;glgget a.
Subbasin ( a)
Unmunsa Bonghwasan Tuff ~ Pyroclastics =~ SHRIMP 86.69+0.78 Lee et al. (2019)
Subgroup
Punghwari Tuff  Pyroclastics ~ SHRIMP 88.95:0.44  1wangetal
(2018a)
Samrangjin Tuff Pyroclastics  LA-ICP-MS 88.0+0.8
gl ecrllg?)il Wondong Tuff Pyroclastics ~ LA-ICP-MS 88.0+0.7 Zhang et al.
. . (2012)
Subbasin Jeonggalfsan Pyroplastlcs LA-ICP-MS 88.740 7
Formation Sediments
Central . . LA-ICP-MS 88.8+1.0
Yucheon " lryang Andesite Lava LA-ICP-MS 94.3+2.0 Zh?;(;ééf) al.
Jusasan Subbasin  Jongnamsan Andesite Lava LA-ICP-MS 94.4+0.8
Subbasin
Southern . .
Yucheon Goseong Formation Pyroplastlcs SHRIMP 92.1+3.2 Kim, J.8. et al.
. Sediments (2011)
Subbasin
SHRIMP U-Pb Ati&Ae] oshd EibiiEd> FE AFSHIES, Waitksald, —’.‘%’&%ﬂ% U
71.74+0.47 Ma (Hwang et al., 2018a), AFx=-33] 755 FEAS, HEARSS|Y, SRS At
A2 69.7240.69 Maof x| =] {tH(Lee et al., 2019). A3 o2 FEH El HEAhE2,

o Aols TS o4 U LR

Aol Bh e

AR PSS 7
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HksCHHwang, 2002). SHRIMP U-Pb @tj&4o]
oJahH, A E3HIE2 68.5+1.6 Ma (Hwang, 2017),
RS BI9RE 67.08+0.96 Mao]] E&%]% 3 (Hwang
et al., 2016a), BE4RS-3]¢t0] 65.03+0.66 Ma (Hwang
et al., 2017a), F-H4to] 63.77+0.94 Ma (Hwang et
al., 2017b)of| E&= 3t

4. E 9|

4.1 4ot7| SIAICHS| 2EQ} SHAS

Wop7] ShiketRo] thef dul ol4de] BAdEAl
A EA-BE BEFeR & g o|FHA tde
2 E2XJ(T™ 1). vUHAe 73, 7153
oF S 9] £ &2 555 ¥ 9SHE
2t FAE 22 w0l ArrE o 2 FEsh A A
2oz giife ol ol8Y i 2x= WA=
R 22 v T E dX|ehe Bad B
Fo 5719 S 2 WHA, EEo=RE 747}
871, =4, S, e AR SRS

718t = = SRl A R B A7)
=3I ol A ALZA, 75 A, FEFEA, &
E2A], 2= shtbAeh A A] 5ol e
<t °ol5°] HAZ 555 ¥Fes g 225
7RIt o] BAE2 gl RS 22 @& U¥e
29 35S neEh Ugths A2 SHEEAHEA
=0t

e AR A7sHet 49 A
& uet st g0l WEEA, SUE
A, SRA, FFEA, FAZA, WA A,
KAt shakeb| o A i SHARREA) So] B W
(N30°E) 2.2 tiid BEE o|Eth IFT3A= &
S, 37T L FHESoE d2HY, 5%
EUS < 570 SHHEAEA7F 4= 3
3 Sl 3 StdATE el Ho] #ESE
ot o] shitdle o sHitdiet 22 78 SARl
Ve SEA 9 ol 52 wet TASHA H U

SR = S 9] Ui 22 EE ATl
A drdste FFESAE Tet SRR, 4 o
A, FEEA|, AR M, & EA, 55
A, FE SR, a2 Ao A= sk 5
o] AR 55 YFN4E) o= df £EF o1&
ot o5 Wl FE oA HEE A Ay Eo

=

EESIARE, GA R R D s A 17E AR ZA]7}
M2 AE =L SR 9] -2 o] o2 A

Faids s Wil TEshs
ol 2], FHEA, AEEA, 2 SR, A 8
A, R SA, 18 M| 5ol HE W
FHN4A’E) o2 tid EZE 7M. 0|52 H7E
TE7} ol Aol S A o 2 BESEA|NE HA R
e AR Q2L A7 E28EEiA R
2 SHshidete dddh

Bl 8RR Wl 7P 2 2R
4 225 FAsH, Falitke mel 5 8ol
o7t 55 W¥o s v 2= ek et &
Es ¥z ol §5E R SR E s
ol£tt. o] sHitdls HAFE ZdE Sttt
FAA L S sHtel= AT Bdsidi=
g o2 2 s S E gl fSEe
ofu|sH A, SHFEtoll = vl A2 2] SHit
3ol FA= At

o9} o] e gRoA Wep7] sHR=
55 43 i 23200 o3l 571 st = 25
3 3 o] st A= Az o) E Bt
ofiz} F&sHAT dHxTRAoR YgRAW
Foll A AUzl whE Zadzz| AL npant
Z1-gof o3t sMitE 2 S A E ot I BER o5
SHidle st e 22 ofn|E ZhlRithd 2+
Z} 7]15(Gyeonggi Arc), 2435 (Eumseong Arc),
2715 (Okcheon Arc), J'dE(Yeongnam Arc) L
45 (Gyeongsang Arc)2 333t 4= 9loH o]&
55 A 5 (Korean Arc)2 BE 4 ot
o]t &Ju]= o|u] FAEA] sHFtFol et =
24 9715 oA BREY| YREA FAE
2k AJAJ g v It Hwang and Kim, 1994).

B7158 A st 47) sHitse I AR
A2 A= RIYAE THOE eHse P E
oltl, ol ol HFEFo H HolHE G4
o e Aoz o 4= ik

shabmel 4 ol shatEt Asteba o2 T
A9le] BT K ZAUe AL vjzres %
3| ER U4 (REE) EAL Ho] Zoi(o]: Kim, SW.
et al., 1991, 1993; Won et al., 1990, 1991, 1994; Lee



et #ol| iitgo| FEI U-Ph MO{E 2dLH:

et al., 1992, Hwang and Kim, 1994; Yun et al,,
2000; Kim, M.-S. et al., 2008; Kim, Y.-L. et al.,
2008; Koh et al., 2009; Hwang et al., 2010). o] b4t
AdHFE Y/(Nb-Rb) FEZA VAG FFof| FA|
%31 REE 9§12 =22} o2 o] A Yl ol A 234
= S E 7 71}

St A Wiot7] 3k o) Sr 9 Nd F9 ¥4 =
A(e]]: Kim et al., 2012; Kwon et al., 2013)-2 £]oj|x2}
A ARE ok 29X HrdEehRudnick
and Gao, 2003). ¥2}7] AR #A]3t Eu ]
Ak g 3] W2 Sr/Y9} La/Yb H]E FhaThe
e BT, o|52 BRIl sHitz w9 At

le)

ko) A7 ocr— =5}
£ thet Al G o] ARl Sk Ti-Zr-Sr 42k
oA FEAFR TS 4L AGY o] &34
v ThE ARorse Ul 2adde AR 25
ek §5430] 22 Nbe}tYE AHA7|H Zr/Ti-Nb/Y
A=A HRE e 238L AL
AT JEAATY L sraRere 97
ot A LdL=] AL BAFN 2A HKim et al.,
2000). webA 84 S stk ek e Ald

i
ff

o
i
AC
o
—lu
11,.,
:_
m‘u

SatEZol AIS2HY Tst 611

AL Aok Zadde AES Uehdn(Kim
et al., 2000; Yun et., 2000). 3+# SH&, FHol 2 zjof
AR U4 240 & AGe UERA
g u|FrEs B s Z2addE] AES Ut
W FHAdS BolZoh(Kim et al., 2000).

o|Zigt 3feta EAJ o= ErtH HEAET U
110 Ma o]of| ti5#9] 52802 247}
RAAGEA dHFLR ) FRHEY #2885
S 2RE AYE &g 7S npantERE 7]
gt Ao 2 wolrk I2u} 110 Ma HRE 1o
ol Aol At/ Al = o A AR
A vl A E A H2F LA 2 A A
o= gt e 4] ARYSE2 33
ARG ARER sy | ke AdEA 34

_L

3} BAstel AV el G B4 SNl @
221§ (rifting) o] AFEE A2k
43 BYB0] XFHY Bl SHUTLO| NS

2t ols
- ezt AE AlESl= SHRIMP 2 LA-ICP-
MS U-Pb dtixtae] w2, z+ shits o] g7
EZE= AR EAZCZRE G5EoR st
AN o3-S HoFE|(IH 2), ol Hr|E

< U AIRHKim ef al.,, 2000), 245, s 2 A TRHE SoEAREY| AlF7H o5& AAshET
NW
DD
GyeonggiArc g
00
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+
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Fig. 2. Frequency distribution diagram of SHRIMP and LA-ICP-MS zircon U-Pb ages of the Cretaceous volcanic
rocks along the volcanic arc throughout the Korean Peninsula.
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3715 222 Y 7Sl Exst
] SHRIMP U-Pb Ath7} 115.0 ~109.0 Ma H 9=
7HTHE 1; Hwang et al., 2011; Kim ef al., 2012;
Cho and Lee, 2016). 3HH o] A $= FHS7
AR sl Afo]e] AR W) (114~ 109
Ma; Wu et al., 2007)2} 2t} o] 3t Adl+ #etr]
Z ¢ (late Aptian to early Albian)of ZE S 2
ulstud, TAo) o] BHIFRS Welr] FgoR of
AR AT 2A 2ot

$HEE TEUEAS v} REsls SHRIMP

U-Pb Adlj7} 108.0~84.9 Ma ¥ 15 VEFATHEE 2;
Kim et al., 2010; Choi and Hwang, 2013; Koh et al.,
2013; Kwon et al., 2015). o] 9= wioly] A o
7194 &4 A 7](Albian to Santonian)of |F =
o, 47|29 &Fo| B T 459 5ol A
U= HoEth B3 o] AT = FERolA |
A FFSHAL FA RN = Fuet dojt2E =
AEtt o] 2’ BFA|7] 9 Aol = ol B85
O A7) A= SHEH S A2 AYZHET
A3 = SHY YRl E3Ests SHRIMP U-Pb

Age Period/ Stage Geochrological ranges of the Cretaceous
(Ma) Epoch g volcanic arcs in the Korean Peninsula
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Fig. 3. Geochrological ranges of the volcanic arcs in the Korean Peninsula, based on the SHRIMP and LA-ICP-MS

zircon U-Pb age data.
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A7} 99.7 ~78.4 Ma Y& 7HITHIE 3; Jung et
al., 2014; Kihm et al., 2014; Kim et al., 2014; Choi
et al.,, 2016). o] AHL = W] £ A7l L F
7](Cenomanian to early Campanian)®f 3l
(9 3), AT AR} 22 A7|o &53A
Tk ot o =AM APPSS HoEt 18
U B35 gt At AA=7} §l7] wiEe o] 3hit
3 AA o Eag-E vhgstR] ittt

FdT= 024 Fas URolN EA5h SHRIMP
U-Pb <1t)j7}84.9~80.3 Ma 9ot & 4 Kimeet al.,
2015). o] Ao Y= Wetr] 3¢ F7](Santonian to
early Campanian)]] 3|34 (13 3), 34159
Ao g 9jol] Z3He ) ot o] Am= 1FHE
Zo AT U2 AR AZFOoE SHT Y AR
o AFs] 77k, o] ST O A SN
Wi et

AR g EA ] BE3}e) UPb Auit s
Z79]| 4] 108.0~95.8 Ma H$|o|H(E 5; Jwa et al.,
2009; Kim, J.S. et al., 2011, 2013), 4320l A 94.4
~60.1 Ma H$Joth & 6; Kim, J.S. et al., 2011; Zhang
et al., 2012; Hwang et al., 2016a, 2017a, 2017b, 2018a,
2018b, 2019; Hwang, 2017; Lee et al., 2019). 513
To| A 9] At = ety Y Do £ =
7](Albian to Cenomanian)®]] 333t(2E 3), 24
39 27] AI719 Zrh fRSTelA Y] Adid
e wol7] 4 27|04 718 Au 2417 A
& Z7|(Turonian to Selandian)of dg3tch 1
3). v A% e et A4 Ao
22 U-Pb Atfjof] oJs}H HI3-2138.6 MaolaL 41
=210 127~109 Ma H¢lo|H, 32412 108.7
Mao]] ARF=| It Lee et al., 2010, 2015, 2018a, 2018b).

wjoby] SAbEL T F7HA Bul 1 859 A
2 WS Qo] gl SO Az weta
W 7} SAbE e S5 e) AZHAI7|2E B4 A7) ol
e e Az AZAE 47157} A1
when, S50 AET} O 13 SUEL
e Floln] Pl WM T & Holt a7 ).

olo] that ol (1) 2R RS BET () B2
5 T2 ARWMEY AdadE 1T 4 3
ot A WA o] = o= &2 o g SRR
ol 7|08k Ao = AZHE) ukstd 7%
£ §Zo] ZromwA g o] ZojA glojA Al

ot o] sjitg ol EI U-Pb MOIE 2o 2efitatEe| AISZH Zlst 613

253o] LA 718 sHtE = E-20] 27 1)
ol s SRSl A =& HA ot AleA
o] o2& Exk ofy}, S S-S0l T2 @
B9k B2 QHIgEo 2 A ED] o] SRE Aol2
w=27F o1F7] 2ot L2 SRR A 3f
= Y o] ool K-Ar 103.4 Ma Ath(Kim and
Nagao, 1992), 7l &4l 284S Ul o] QHiber
o] K-Ar 106.7 Ma @djj(Lee and Song, 2007)2 &
AE 7] wEolt

£ A ol TR Ee ool ARuE
G A3k Qs vtk S A =
- FHEE AR N S BE REE S

4 1
o e
o W) 9525 O AU W e
%
o]

4 2

forle 0 @

2o glere) Zhaol g vk S 22
7, vhake] o] FE R ehe sk T BE
darjels A} o AR E) 03 7
#IE THE 5 9tk 2B o)F BELE
7ol wet ohante] 44717 B 4 917 o
2o 54k 0] 127 THE 4 e,

7t s}ArE o) WAL ek A oF 50% ol4k
2 XAk LH T} °F 20%, S5} 9k 15%,
57} oF 12% 5 AR|ske] A71 57} 3% wjgkoz
ZAbETy =, 4757k AAs) An AAETE A
a7 Weor] Yoz vlast Mag A ol
2o 37) 1FOR BL U, AR YRS
FheA Ak oz A Wao] 2718 o 5
glem oo met S HE ARYHeR o 27 &
FhEh B 4= gk oleiat F7he BA Wt s
Wgel ST wely] JAtelA BAsE 53
AbaLgo] BAZoN YEECR Al &KL
2 SAEYeL AR,

FAH 02 e W] SE 2 A
ool o8} oA A AHgolahE, Welr] 4
A F710] Aeluie slaruel 57 &do] el
Aol g o2 FolE A7 ofeiriA WAL
o vt ankd 77|59} B S4B} 4
445 it ofjeh S A 59} A TAE 0|2} A}
3 AFA7)S B 4 9l Aol el m)Al
B9 515 HxZo] FRSHs @R 2 @
2P QRitglol digt Aol o ofo] et
e 7IdE 4 ok

Ty 7 spkse] $AX71E BY, A7EE

ok



614 YT - Ay

oju] wje}l7] A 7] (Albian), 110 Ma F ol %
I, 543, SH3 e W] Y9 571
(Campanian)o] o™, AT E TAI7] A9 =
7](Selandian), 60 Ma7}A] X8 =] Qjc}. o] 23t F4
A7l Aol A ¥et7] A4, 100 Maof| &2
2 X7 ol71A] MAHE S| 5 S0l
oty A wrlo] 245 2 offolA HEd
(rollback)o] Yot QrAlSiTE 1E]al ¥}y
T 571 80 Maol = Eggo] A4T o] AHE F
oA Lot AIAIgTt.

et O L g e ol el I B oz s e el S o
Z-g-0] AlFo| opntE RE AT A A TS
T AT FAA 7= BAAZA GER o 71
A, & SFES Fote] olFstHA eApE R F
AEHE A2 sfjAEch

4.4 uot7| SSHAEZO| XFPXE ZFl5t

oA Wio7] 3hit o] U-Pb At} A
3lekA] 2t7 = WRNA T2 o5 A8l
= SAFREO AlFH 23S Hof ot o 2Et
A2E EY=E oA woly] SoikaRg-o] =
T2 A3E 92 4= S} 160 ~120 Ma 54, gt
SolAls Eateh upolkgo] g ok ulFA Y|
(magmatic gap)o| =, ol o] Al71E<t Betat
A £ v HY ol ek (Kiminami and
Imaoka, 2013). ©] A|7]5<¢t B5 ofx|oltj& <
R Bx;o2 ofat g ALY 5 ¢
EHe #A5F AA] 272TS WY A7|olt
(Klimetz, 1983). 2 E2 o] AtH S 2] shiket=
o] AR 2 ko] EASHA] AT AR LA
2 BEol ogt HHA #ojRo] Moty 24 EA
ZolA EsHA TAE =T 29 HEA A
o] oA 135 Ma2] R1=u] == A4 2H StoflA
ot 7opRRE- o] AJZRA| 7| 2 H kT (Lee ef al., 2018a).
o] A= oft= Maruyama et al. (1997)0] o]z}t
713re] A paro] B uhapol ] B waFo = Wl
ks A17](9F 140 Ma)ol) sl shabatgol
243k=)94d A)7]o],

°F 120 Ma A7)0l olzfrlze] Aeldaol
B o] A BB EHN10°W) 0.2 okt Wz g]
thMaruyama et al., 1997). o] Al arake] Qe
NE-NNE %3Fe] 2e3F F3ols d3(l, 371

|1, EHY FAR GFE5)E F5tL(Kwon et
al., 2009; Chang and Zhao, 2012) o]of s=Rt=]+= 21
2]y EX)7F €85 =31 tHLee, 1999). <1E]
B A 7] FATL gl EMads
SRRt 2 A o] el A miant A4S &
AANFoH, QA 7} vpante] o] 522 o|-§5
H §4S EEAFH T g ol ojxpur|Ee] &
2 Y72 Ao Aol £H-E50] dofut
WSl 7159 A2)(F 115~109 Ma)E =%t
o} E3F o| e HThel S MEAA Wel 7
3t I F(corner flow)e} AR ZE HAl oA vjE
51242 22 5HTHel): Kim et al,, 2012, 2016).

231 110~100 Maset AU €9 3714
WZ3 2] EA|7} E&=(Lee and King, 2011), o|A}L;
7180 +HE AR Qe AUtk €Y BAPH
Z7FAtHGurnis et al., 2012). A €2 F3A
= HiZ s 4oz, o|= Usf vl AR
A&} i A Y Q1 F EAE Az
(l: Lee, 1999; Chough and Sohn, 2010; Kim et al.,
2012, 2016). S3AHERRE-2 115 Ma o|Z g o]m]|
A3pE| 00, wlel7] 59102 A Adst A
SE)3ck

oF 95 Mae] ofhir|gke] el HEA
1ol A B4 WRHN30°W) L. 29| MK Maruyama
et al., 1997)9] oJafjA thFARF] thsf 2wk
S 29| W3l BAES FAAZ AL vkant A4
= 8ol shof Wely] TP Ft AP kAR
o] A&EA stck & oJdjFE oA He|
& Z7KGurnis et al., 2012)= AH Y2843 =
et HEL 2 BV S5 AT ol A 7t 3t
AbERgo] A ZtE|o] 7|7t A &GHO 2 A ST, &
Azl FETE FASHA

1 % 80 Maojl Yl €9 =T=a} 7taE A
gle] A2z <3, A AHRET} FFE LR o)F
Elo] FA5 9] A& (forearc) LA A T2 A}
€2 dovl= A9E stk tEE ds®
I A Yot T 7Y oFdt AERY o= Qs
Hiot7] SRSt AA| A o2 41 e 52 Al
7 Aol Ad Ao g s Ent s o
Aol Zdzt D SAit2TF2AH AA7HEEE
= AL A 2 ARG 39 A|ujsto
AR IABE7| wiEo|thDickinson and Lawton,




el

2001). o] A1 &=t iHat-E-9] 7k ot
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