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t}. SR o] & B} s Alo] 9] 718} W & 55HA WAL BEo|1, 37 Aol whE &W-H(slab window) 2] W X|7] FA|
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ABSTRACT: We measured the U-Pb ages of zircons from a conglomerate and the surrounding rocks of the Bukpyeong Basin to provide
geochronological data on basin development, and further examined the Cenozoic tectono-magmatism in the Korean Peninsula in the context
of East Asian plate tectonics. The weighted mean ***Pb/***U ages of zircons extracted from the matrix and quartz porphyritic cobble of a
conglomerate are 49.1 +0.7 Ma (n=10) and 48.7 + 0.6 Ma (n=14), respectively. Furthermore, a felsic tuff (48.2 + 0.5 Ma; n=19) and a Samhwa
granite (48.6 + 0.5 Ma; n=10), both of which occur near the basin, also yielded zircon **°Pb/?**U ages that are identical within the error range.
The former, which occurs immediately to the west of the Osipcheon Fault, is presumably the major provenance of sediments in the Bukpyeong
Basin. In addition, the timing of fault movement must be posterior to ca. 48 Ma, because the fault transects the tuff. The Eocene ages documented
in this study are consistent with ca. 58-47 Ma ages reported from granitic bodies and dykes (+volcanic rocks) near the Yangsan Fault, suggesting
that the Bukpyeong and Pohang (+ its equivalent) basins formed under similar tectonic environments. The widespread Eocene magmatic
activity in the eastern Korean Peninsula contrasts markedly with ca. 60-46 Ma magmatic gap reported in Japan and the Russian Far East.
This apparent discrepancy potentially reflects the diachronous timing of subduction, at around 50 + 10 Ma, for the Izanagi-Pacific ridge which
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is positioned subparallel to the Japanese trench. However, the precise timing for the development of slab window(s) associated with ridge
subduction remains uncertain, as does the kinematics and geometric relationship between the two plates and the trench. Nevertheless, it is evident
that Eocene magmatic activity in Korea holds a key to understanding the tectonic evolution not only of the Korean Peninsula but also of East

Asia.

Key words: detrital zircon U-Pb ages, Eocene magmatism, Bukpyeong Basin, Osipcheon vs. Yangsan faults, Izanagi-Pacific ridge subduction
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Fig. 1. (a) Geological map of the eastern Korean Peninsula (adopted from Kee ez al., 2019); (b) Geological map of the study area
showing the sample locations (modified from Cho et al., 2018).




AT gL ero] Z]dkerol] ARRLe] £X) S} B
3} AAZ HOIthLim ef al., 2025). Lim ef al. (2025)2]
Bz BRI &M B o] Fe FATESl
3 E|REE S FFuke uj7)e Bleis ARKKim, 2024)

3} gz o]t

3. 24 JIM

2= 1 AR A AHAEE B U-Pb e =
Ao, ol AlRe (1) EF1A] vjad AeolA A
e S Ak A 7)1 AR(DZE 454-C2F 454-M A
), () LAHES Qo Ak - S35 H(456);
(3) e (458)S g3ttt EAH ZF AR A4S
o, A& 45604 G5 o]AFE (A&t E)7F
o] 59| FE AT A] Fit= E 19 FEj= o] Ut

BEguz uj1z A8 454): o] A|EE= Lim e al.
(2025)2] B3l 9= dgo =, g7 J2 dHyt
NHES 2= AP WAFRE EQZFOE Y

Fr}. 491 o] EAZQI v o2 vehdt) Gt
7148 = A 122 mm) YA7F 5 AP SOl
o, &3] TSER] kL Bl A2 Fojd =S AR
oFs}Tt Z o2 U-Pb 42 28 Aol A(2g 1b) X
Tt A S(cobble; 454-C)1t 7| A F(454-M) A 25 T
o FYSIHHTH 2a). FAE 92 vhavt S8=
(melt)2}e] §E-g-of] T -§-4)(resorption) 25 R ol= 4]
Pt A A Wy o2 AE 3 Rietolw, Al e
71 o] EXJ A o|tH( 19 3a).

TAA SR F 456): EHEA| 2] A Zo] 13l 9
23, e AATS o3 At o] 3L HAF
2 A7 T A3 et 1-3 mm 379 FP A
S-S vy o 2 Yehk= 4 ThA % (monocrystalline
quartz) R E7}2-3% J& Ho] §Qto 2w ZF JakET
(9 2b). A2 A-gixtg A Eo| tiFioln &4
TF27t EXFo|th2¥ 3b). = mmoflA] 1 cme] ke
SMIIHET} 3, FEZ oz A% B Hol b
ER7 = ScH (29 3c; Lim et al., 2025). 0|5 ¢tH-2 &+

Table 1. Rock types, mineral assemblages and GPS locations for the samples analyzed in the study area.

Sample  Rock type Mineral assemblage GPS location

454-C Cobble, conglomerate Qz + Kfs + Pl + Opq + Zrn N37°27'46.4", E129°06'58.2"
454-M Matrix, conglomerate na.” Ditto

456 Felsic tuff Pl + Qz = Opq + Chl £ Zrn N37°24'57.4", E129°04'41.0"
458 Samwha granite Kfs + Qz + Pl + Bt + Opq + Zm N37°40'49.1", E129°02'14.1"

"The matrix sample is unconsolidated and too fragile to make a thin section.
Mineral abbreviations: Qz, quartz; Kfs, K-feldspar; P1, plagioclase; Bt, biotite; Chl, chlorite; Opq, opaque mineral; Zrn, zircon.

Fig. 2. Outcrop photographs. (a) Cobbles in the unconsolidated conglomerate (sp. 454-C). The blade of the knife used for scale
is 4 cm long. (b) Felsic tuff (sp. 456) containing lithic fragments and ca. 1-2 mm specks of quartz phenocrysts; (c) Slightly-altered

Samhwa granite (sp. 458).
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Fig. 3. Thin-section photomicrographs taken under the crossed nicols. (a, b) Resorption textures of quartz are present in (a) the
K-feldspar-quartz porphyry clast in conglomerate (sp. 454-C) and (b) the felsic tuff (sp. 456). (c) Eutaxitic texture in felsic tuff
(sp. 456). (d) Altered feldspathic grains and micrographic intergrowths observed in the Samhwa granite (sp. 458). Abbreviations:

Kfs, K-feldspar; Qz, quartz; P1, plagioclase.
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Fig. 4. Representative cathodoluminescence images of zircon selected from four analyzed samples.
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Table 2. U-Th-Pb isotopic compositions of zircon for the analyzed samples.
Spot no. (pgm) (p?:n) /Tél S&g‘g;g Wpp'A8U 4%  27pp"A%Ph" 4% Date”™ (Ma)
Sample 454-M, conglomerate matrix
454-M@001 627 48 0.08 0.08 16.7750 2.1 0.0543 0.8 373.3 +7.5
454-M@002 272 231 0.85 0.09 19.6825 22 0.0532 1.0 319.5 +6.8
454-M@003 183 93 0.51 0.10 130.0843 2.2 0.0505 32 494 +1.1
454-M@004 324 120 0.37 0.00 3.0158 2.1 0.1153 0.3 1884.2 +4.5
454-M@005 47 50 1.07 0.07 3.0374 2.1 0.1116 0.8 1825.8 +13.7
454-M@006 231 136 0.59 0.59 129.6703 2.3 0.0451 3.0 49.5 +1.2
454-M@007 255 152 0.60 0.68 130.3128 2.1 0.0470 2.7 493 +1.0
454-M@008 209 103 0.49 0.31 130.4386 23 0.0472 3.0 49.2 +1.1
454-M@009 286 187 0.65 0.06 3.9710 24 0.1118 0.3 1828.5 +5.9
454-M@010 285 155 0.54 0.12 130.9203 22 0.0494 3.1 49.1 +1.1
454-M@011 141 57 0.40 0.02 2.9625 2.1 0.1148 0.4 1876.3 +6.7
454-M@013 347 60 0.17 0.03 3.0646 22 0.1152 0.2 1882.9 +4.4
454-M@014 264 140 0.53 0.43 131.3795 2.2 0.0481 32 48.9 +1.1
454-M@015 183 85 0.47 1.19 131.1748 2.6 0.0474 3.7 49.0 +1.3
454-M@016 447 308 0.69 0.03 16.1368 2.0 0.0544 0.7 387.6 +7.7
454-M@017 196 98 0.50 0.40 130.9965 2.1 0.0468 3.1 49.0 +1.0
454-M@018 414 303 0.73 0.35 132.0139 2.2 0.0480 2.2 48.6 +1.1
454-M@019 184 104 0.57 1.02 129.9602 2.1 0.0498 3.1 494 +1.1
454-M@020 68 75 0.57 1.01 17.6445 2.8 0.1598 6.6 307.8 +11.5
Sample 454-C, cobble in conglomerate
454-C@001 97 43 0.44 0.00 132.5893 24 0.0514 6.3 48.2 +1.2
454-C@002 168 90 0.54 0.56 131.4636 2.5 0.0512 32 48.6 +1.2
454-C@003 118 55 0.47 0.42 135.5342 2.5 0.0505 39 47.2 +1.2
454-C@004 198 123 0.62 1.09 132.0433 2.2 0.0535 2.9 48.2 +1.0
454-C@005 273 152 0.56 1.42 132.7622 2.1 0.0358 6.4 49.1 +1.0
454-C@007 97 51 0.53 0.51 131.2313 2.5 0.0460 5.2 49.0 +1.2
454-C@008 218 119 0.54 1.39 130.3491 24 0.0472 2.9 493 +1.2
454-C@009 99 47 0.47 0.95 129.2102 2.6 0.0530 4.5 493 +1.3
454-C@011 63 27 0.42 291 132.8152 2.6 0.0499 5.7 48.2 +1.2
454-C@013 536 443 0.83 0.60 130.4088 2.1 0.0421 2.9 49.6 +1.0
454-C@014 134 72 0.54 0.14 129.5013 2.5 0.0481 43 49.5 +1.3
454-C@015 189 107 0.57 0.89 131.6020 2.1 0.0486 3.1 48.7 +1.0
454-C@017 106 48 0.46 0.45 132.8044 2.6 0.0512 54 48.1 +1.3
454-C@019 150 79 0.53 0.02 130.3214 22 0.0475 3.5 49.2 +1.1
454-C@021 142 82 0.58 0.74 131.3718 2.5 0.0467 3.6 48.9 +1.2
Sample 456, fesic tuff
456 @1 203 71 0.35 0.73 130.4986 2.2 0.0486 3.1 49.1 +1.1
456@?2 1616 1058  0.65 0.19 134.3731 2.2 0.0485 1.2 47.7 +1.0
456@3 4507 3455 0.77 0.10 134.7945 2.1 0.0467 1.2 47.7 +1.0
4564 6217 5916  0.95 0.05 135.3230 2.1 0.0474 0.7 474 +1.0
456@5 4955 3978  0.80 0.09 133.8322 2.2 0.0467 0.9 48.0 +1.0
456@6 215 130 0.60 1.09 130.4463 24 0.0486 3.0 49.1 +1.2



Table 2. continued.

Spot no. (pgm) (pgrln) /TS S&Ilfg?% Wopy" 2By 49, 27pp"%ph’ 194 Date”™ (Ma)

456@7 8712 7032  0.81 0.01 134.2793 22 0.0474 0.6 47.8 +1.0
456@8 342 190 0.56 0.00 129.7560 2.1 0.0485 2.5 494 +1.0
456@9 5561 5163 093 0.06 134.5382 2.1 0.0471 0.7 47.7 +1.0
456@10 5949 5597 094 0.06 134.6477 2.1 0.0475 0.9 47.7 +1.0
456@11 4556 3534  0.78 0.16 135.2779 22 0.0461 0.9 47.5 +1.1
456@]12 7736 7083  0.92 0.03 135.2729 2.1 0.0471 0.6 47.5 +1.0
456@13 6662 5043  0.76 0.09 135.6587 2.1 0.0468 0.7 474 +1.0
456@14 6892 6552 095 0.04 133.7812 2.1 0.0470 0.7 48.0 +1.0
456@15 419 261 0.62 0.26 130.3635 2.1 0.0472 2.6 49.2 +1.0
456@16 308 191 0.62 0.29 127.8383 22 0.0482 32 50.2 +1.1
456@]17 3028 2136 0.71 0.17 133.2577 2.1 0.0464 1.4 48.2 +1.0
456@18 4114 3395  0.83 0.14 133.5224 2.1 0.0463 0.9 48.1 +1.0
456@19 368 217 0.59 0.96 130.4498 2.1 0.0475 24 49.2 +1.0

Sample 458, Samhwa granite

458@01 1049 558 0.53 0.39 132.9473 2.1 0.04558 2.1 48.4 +1.0
458@02 866 381 0.44 0.09 131.2057 2.1 0.04721 1.6 48.9 +1.0
458@03 746 366 0.49 0.03 133.9591 2.0 0.04827 2.6 47.9 +1.0
458@04 599 246 0.41 1.23 131.6913 22 0.04008 6.0 49.2 +1.1
458@05 951 428 0.45 0.18 132.8428 23 0.04633 1.5 484 +1.1
458@06 906 348 0.38 0.06 132.0385 22 0.04837 1.6 48.6 +1.0
458@07 663 312 0.47 0.19 132.8938 2.1 0.04824 1.8 48.2 +1.0
458@08 1039 509 0.49 0.09 131.1558 2.1 0.04871 14 48.9 +1.0
458@09 979 398 0.41 1.07 132.2729 22 0.04420 3.7 48.7 +1.1
458@10 1230 672 0.55 0.06 132.5361 2.0 0.04757 1.3 484 +1.0
458@11 1229 667 0.54 0.03 129.5814 22 0.04671 1.3 49.6 +1.1
458@12 1231 698 0.57 0.03 133.4572 2.1 0.04849 1.3 48.0 +1.0
458@13 1120 685 0.61 0.20 132.0886 2.0 0.04858 1.7 48.5 +1.0
458@14 949 505 0.53 0.14 129.4772 2.1 0.04683 1.6 49.6 +1.0
458@15 965 394 0.41 0.11 130.8728 2.3 0.04776 1.5 49.0 +1.1

Errors are 10; Pb” denotes radiogenic Pb.

“207pp-corrected 2°/¥U (<1000 Ma) and ***Pb-corrected *’/*°°Pb dates (>1000 Ma).

T S LRI = 456): S|4 E2lE A2 2
HES ojme AF o A3 Zol e 100-200 pmo]
T, 0% 8L 21 FEo|th 1Y o). 34 W
oA B Ao 2 RS2 5ET WRERZE HolA|
AETHIH 40). o159 *Pb/ U 715 H A= 48.2 +
0.5 Ma (n=19)0]cH2 5¢).

ASESPIHA B 458): o] 3P3ete] AolE AAE2
F&E Agolw ARFe A5 Aol ek 100-250 umo] L,
AT UGS 31 AROITLY 4d). o SE S3A W
A o) A T35 A S =tfj(oscillatory zoning) 23] X
ZETHIH 4d). Aol A 73 *Po/ U 7153

FAHE 48.6 £ 0.5 Ma (n=10)°]tH( ¥ 5d). o] =
Kim and Park (2016)0] H 173} #]o}Z2] SHRIMP (Sensitive
High Resolution Ion Microprobe) **Pb/**U 7}5H 4
Q1 49.7 + 0.2 Ma (n=8)T} H|: 3| k1w F =gk &=
A 5= AsEdeto] o @A) o]# 24 (Ypresian Stage;
56.0-47.8 Ma)o]] T RS- X AJgtc}.
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5.1. S8EX &=Lt
EFEAY FA Al7]0 tit 7 7HA] ASE S ope] 2.4
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(Lim et al., 2025)2F Ze}o] S A|(Kim, 2024)] 5] S
7Hae B3] Stal A4 Aol ze] U-ph ArjE 24
shirh. L, 27} 2AIe BEe] doAlR 454; Lim
et al., 2025) WollA| nfo] @A = T H T 32 B4 FA
7)(syn-depositional) 9] #4748 Ao|F- AR A| F3hrt.
I A3, HEA AolES 88 EHEAY FH AVIE
TR ARE JEHolA gt Ea 92l dr
54 dote EBER 9 - A7) uto] oA S &
o] FHol EEAY fIa= AlAlshH, ol= Z3 2 A7)
B2]9] A1 77](Neogene) E|Z| o] 7] 2F(e.g., Lee et al.,
2014; Kim et al., 2023) 7] nfo| 24| 4 &5} tj=
= olgn,

s ook Aol 9L A e HAH AolE 1%
o] 1 HHFAYE= 49.1 + 0.7 Ma (n=10)2.2 o @A 544
53 AARITHH Sa). o] Bik= Bl &3 3 7 A
ofof| A Jeong (2016)0] H15E49.0 £ 0. 1 Mag} A X|gic)
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Fig. 5. Tera-Wasserburg concordia diagrams of zircon U-Pb ages of four analyzed samples. Note that the inherited components
of detrital zircon are found only from the matrix of conglomerate (sp. 454-M).
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Z8 4= Qi 9F 49 Ma9 8 & ddj(Maximum depo-
sitional age)+= T}o] 2A(¢F 17 Ma ©| %) EJZ] AJ7]Ec} &
A ezl Aol HFEA YA dofd oA s
= AR o5 #E IES AlYsh HEA A o2
A= thHE oF 320-310 Ma, 390-370 Ma, 12|31l 1.88-
1.83 Ga9] Al 2522 i Hth o]2|3t #i /-2 Jang
et al. (2024)0] BMAF FX]| 0] HOHeZt AbgtoflA] H
3t =4 Ao EEZ(cumulative probability) Z-411} H| 4523}
o, FA7E A= FARE B2 87, & sl 22 A] S5 0lA
B A EINEA S AE(Cho er al., 2021) Y& Al
Argtet.

S, B B2 25 E oF |0km AZo] RE3H= 413}
7oA & Aol 2o *Pb/ U 7S HF ALl 48.6 =
0.5 Ma (n=10)2.2, Kim and Park (2016)©] }2 313} 49.7 +
0.2 Ma (n=8)3} 7 &] LA|ghe}. a2 Aelebd ot 14
A $-3]9ke 1:1009 XA %=(1Y 1a; Kee et al., 2019)9]
A @ot7] A2 71 = o] glof o] Bas Hlrk &
Aurt Ful e AMIS BBEA Qo] siekmat op
2} 3 dFoll= ol @A) 7150] "olgle Holtt of
2A| 3V A= BEAIZ] A EE-AHA 2| 9] =E E=
B dtella] ofn] Bargl Bl QLK 3; Yun and Silverman,
1979; Jin et al., 1989; Lee et al., 1993; Won et al., 1994).
53], A3 A 9EF AR ElollA] 2R o FEIE ARESH
= 42T e A9, A} 2H| 7] E(riebeckite)
9] K-Ar |7} oF 52 MaZ A2 dX|3tHLee et al.,
1993). ARre] 3P7keto] Hlna] wh=A| Yzhe HE 3
AL AT uf, oA K-Ar FE At 33
273} Aot fArd Ao m A wehA, FeE F
O o oA 3 FE2 7|Eo] X AR H W
A QoA dojuton, 3 AolF U-PbAd 73, A%
3let &4 55 B8l 2ok AAIS A7 Bas) 2l

AEH o=, BEHEAE 2A4HTS E= ol FHkE
A5l s +2E = W 71 XY 7ol 2,
A W G} AR B fARE HA Aol 22
A& HIAHZE 5). o5 Aol YA 23tsf #1484
B A 59 YA (provenance)= FBEA] 2] A(F)Zl ¢
APE Aoz gdnh &, (1) oA +42 SIH=E
< S AsE (0] E); (2) AT Y Mgt
7] HebrE<H(e.g., Jang et al., 2024); (3) AE o} 7]
H1elel 1.85 GaHmQF B3| (e.g., Lee ef al., 2023b) 59|
T8 THAGE Aotk LAHGTE 7S 02 AZoA
TaE =] G RN AYS ZFet= Ao R
FE5HA 42 vHd, £4] 4l (depocenter)Ql FEF o=
245 AYstEs 5349 HIHLim et al., 2025) A

A AEo] ZEA7E e SR

5.2. Z4ETX] LH KU 2t &S

ERER e ] A S Sl oF 50-48 Ma9]
3Hd 5ol HrE s on, ol= §hA|7] A ejel-4HE 299
A Hag o 04| 3HeA| S 25 oL A &
2|9] A= o WA BAF £A W, 53] FAES F
oAl Hig o oA o|m 24 3} S5t vlAE o]
e I ERE oA dd ARES 2AAESY
FAES B o2 o] 3 30 T skt A2d
W& QJofl&= Shin (2012, 2013) BAEA] Tl 2
Sh= 1L%17](Paleogene) SHFA| 2] o 4] Aol H <l
34 mld ES(ZFT, AFT) A& 470 Barsiict 1
ik, o5 FT ddi9] w8 &=+ 742 2F200C 2} 100C
E(Shin, 2012) AthA o2 o} 7] Ao} Zfol7t d 4=
Q7] wZol #o| Ydstr] gttt "= £t
ZFT 9 AFT Athe] AAA Q] A= o oA 3HF-A 72
5ol i AlAbshe HEZF ool ). E3F Rb-Sr
A4 Adl(e.g., Cheong and Kim, 2012; Park, 2012)%= t}
S BHuEgloy, o] A 9A] Sr/*Sr 27]2]9] 7PEA,
YRb/*Sr 0] 2he WelE G o2 Q3| x| WsHE oju]r}
EHAle] 1 ol A Al Ljstsct

ZdddolA 27t A8 Husk= 50-48 Mag] o
QA 3 52 HHA17] A K-Ar Ao 578 33l o]n)
HuE vb QIohER 3). FAlofl= o|lHE4 Adizt AY+=
F9A Yu|E mjetsty] o HHA|TL o] F BAAEA] FF
HollA w4 2 ), YA/ Ar ¢, SHRIMP #]o|Z
ddl &4 S(F 3) Bt A Al ARE0] FH =Y
71 oju)7} BztE|of it

EF-AF Aol WA BESH= shAT sk o
AFo 2 Shin (2012, 2013)2 @2 k0] ZFT W AFT |
£ 3Gt olg F T JFE0l AEshe 319
BoMd 23|¢tollA AL ZFT 71 B A= 52.1+23
Maolt}. o] Z-3| A of| Sl El= Z A|5= 0] SFAket
A 2ojlA B2 AoJZ **Pb/P U At 49.4 + 0.4 MaZ
(Lee et al., 2014) A2 FAlSITE 0] 33|19 At AldH
07 oF 15 km HojXl Z3FA| 7| A He| AFEdt= A-T
3173¢t9] 54.0-53.7 Ma (3 3)9= vt 7|4 373
2 BFA FA ST YT A-F O R, RIS F
ol 247} AFEshe Aol 2Rl Hwang et al. (2007)2
o] S~ = T3] HeTFo] oF 21.3 kmEkaL A|¢H5H
oh JAF 33 A 54-51 Ma (& 3)E A7) W&
of|, o] 342 g WolEodx|aL i} Park and Jang (2023)
2 T A A Yol BxES= IPFUAAIE 244 A
SUET4L ), S8 SPFH(HET e e
A e (aAt BPeh O Al FRE SIS
™, A-3 Q1 FAE gz S-S AlQsta e F A=
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T SEET A0 FH obAAH U LHAE H2M(50-48 Ma) HHZ ALH:

LIAXEM & 11

Table 3. Summary of Eocene radiometric ages available from the eastern Korean Peninsula. Several Paleocene ages are also included

for reference.

Locality Rock type ﬁt?kll}:(lical Age (Ma) Reference

Osipcheon Fault area, Gangwon Province

Donghae city Matrix, conglomerate  U-Pb zircon 49.1+£0.7 This study (youngest age
population of detrital zircons)

Cobble, conglomerate U-Pb zircon 48.7+0.6 This study

Miromyeon, Samcheok Felsic tuff U-PDb zircon 482+0.5 Ditto

Samhwa Temple, Granite U-PDb zircon 48.6+£0.5 Ditto

Donghae

U-Pb zircon 49.7+0.2 Kim and Park (2016)

Sagokri, Samcheok Granite K-Ar riebeckite 51.7+2.6 Lee et al. (1993); based on
unpublished data of Yong Jun
Kim

Pungmun, Sagokri, Granite K-Ar K-feldspar 52.0+1.6 Yun and Silberman (1979)

Samcheok

Punggokri, Samcheok  Rhyolitic tuff K-Ar wholerock  51.7+6.7 Jin et al. (1989)

Samcheok(-Uljin) Rhyodacite K-Ar whole rock ~ 49.3+2.0(50.8+2.0 ") Yun and Silberman (1979)

Northern Gyeongsang Province

Dagjeonsa, Juwangsan
National Park

Basalt

YAr/*’ Ar whole rock 57.0 +0.9; 55.7 = 0.8 Zhang et al. (2022)

Yangsan Fault area, Southern Gyeongsang Province

Gokgangdong, Pohang

Gigye, Pohang

Gyeongju =

Hoamri, Gyeongju
Namsan, Gyeongju *

Moari, Gyeongju
Dongcheonri, Gyeongju
Tohamsan, Gyeongju
Tohamsan, Gyeongju

Gyeongju-Ulsan

Bangeojin, Ulsan
Daejeongri, Ulsan

Rhyolitic tuff

Alkali granite

Biotite granite

Alkali granite
High-silica granite
Alkali granite

Biotite granite
Alkali granite
Hornblende granodiorite

Andesitic dyke
Rhyolitic dyke
Mafic dyke

Granitoid
Granitoid

Zircon fission track 52.1 £2.3

Shin (2013)

U-Pb zircon 494+04 Lee ef al. (2014); Drill core
sample

U-Pb zircon 539+03 Hwang et al. (2012)

U-Pb zircon 53.7+0.2 Cheong and Jo (2017)

U-Pb zircon 54.0+0.3 Choi and Choi (2025)

U-PDb zircon 53.9+04 Cheong et al. (2013); Cheong
and Jo(2017)

U-Pb zircon 552+0.6 Choi and Choi (2025)

U-Pb zircon 522+0.5 Ditto

U-PDb zircon 53.6+0.7 Hwang et al. (2008)

U-PDb zircon 544+04 Jo et al. (2016)

U-PDb zircon 51.6+0.5;51.3+0.8 Lee et al. (2020)

U-Pb zircon 54.2 £0.4; 53.2+ 0.3 Choi and Choi (2025)

U-PDb zircon 48.9+0.6 Lee et al. (2020)

U-Pb zircon 51.6£0.5 Ditto

U-Pb zircon 57.5+0.5; 56.8 £0.9 Cheong and Jo (2017)

U-Pb zircon 57.0£0.6 Choi and Choi (2025)

“Ar/* Ar whole rock 55.9+1.5 Kim et al. (2005)

*Ar/*’ Ar whole rock 53.0+1.0 Ditto

OAr/° Ar whole rock 47.3 +0.8; 48.0 + 1.3; Ditto

524409
U-PDb zircon 584+0.7
U-PDb zircon 48.0+0.5

Jo et al. (2016)
Ditto

Some of unpublished zircon U-Pb ages of ~50 Ma, cited by Park (2012), are not listed here.

" Age re-calculated using a new decay constant (Jin et al., 1989)
™ Following the threefold classification of granitoids by Park and Jang (2023).
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-3 o] sjFErt o] A= oF 58-48 Mad| 9| E Ho|
o, 42 A AHH o2 F2 54-51 Ma A E A
Uoh(E 3). 0|23t A3k= ZZ W3 E Choi and Choi (2025)
9] #ojZ U-Pb AWl ARNAE It I =3
Cheong and Jo (2017)]] W=, o @A SRS 4=, 71
Al A Qo Bt FZof /IR]3 thH 2], T A Hof|A
FRI=H, o]F 3 &5 FA7IE AA BT E5FlA
Holz] 3p7eto] &2 aA|(27.1 + 0.5 Ma)of] TAsHATH

2HH, Kim ef al. (2005)= 754 X g0 E3Edt=
A714-AH dWES o YA Ar AY AdiE 2
UEkeh AR A Y] A= 52-47 Magl ¥, SHAH
od 2 {2 e Z17F 56 Magt 53 Mad] A&
HRITHEE 3). o5 gL EFAF 3P hs Bilsta Sle
o, 7)o Lojt E=AL 3 B thESITh £
AEE AT T4 AFol| AT thHAL Rl A
A2 AP Ar A Aol 57-56 MaE(E 3; Zhang et
al., 2022) FHYR] 3143 EAU=0l vl 43| 4
2 A& RHeltk(Hwang ef al., 2017). w2hA] o] Hf7}
AU 225 oo) Bepalahy

ool e FeE, TEU WS ATAE0] B
gk v} o] AAHEA B Tl oA F7)-o A
%719] 3/ &E-2 oF 58-47 Ma9] 1HTHAE2t Yol e
o, A-3 I S ZH2} 54-51 Ma®} 56-47 Ma
of TARZZ & 4= Utk ol2et Al = Lee et al.
(2014)0] 3Z3} A|F= Hoj 9] Tl ALtollA & 244 A
o] 2 *Pb/ U Aol = & HtdEle] Qltk. &, T Ao
A e (FE Al oA HEA At 252 ZH2 60-50
Ma (B3 Z+S 57 Ma), 60-47 Ma (B Z+2 51 Ma) H9]
of| &b, FARA] 9] of| @A BHd SE-S sl

A AT 2F-A S A HY Skt sPetollA &
2 AojZ/)13) 4 wlHEH Adi(Shin, 2012, 2013) F
2A-uto] Ao st AEC] th HAE ) 53,
737t At Abo] oF 20 kmof| AX EEsh= 671 St
Az A 5 ZFT W AFT At &2 A2 FALSHH(A
tzrrarr < 3 Ma), 2.5 53-49 Ma 9o £31}H(Shin, 2012).
ol oA o]HEH A7l 7] Wety] BRI E0]
Aoz weA 7= AT olet 57
FolCt Kol F= F3Esh= ol = SdAA 9] T Al
71et A3, AL A2 AA =] S-S AlAFRIT w)
ZHA] o @A B SE2 FAITS O FH A HETE ofy
2} wjoty] 57]-Za @ Al(F 85-60 Ma) E=AF S¢S
2 E == AAF XS (Chough and Sohn, 2010) E o)
A FH A 3 vzl A2 ARY Aew wd
.

AEZ R, oA oln=d sHUAl= BAEA &

SRR YT 250 BEK] Welo] o] 27|71 5
slobe wiet 3 Yo Aol A Lolut Hejxal spy BE
o] Abgoleka hgelc. ofeld 5o Tl of| A7
2 w7 5} olit=A] oleol Eolgi.

5.3. HIAI 2H-XI2 X9 ol E M
5.3.1. S QF URAL-O| ok &= 2: AIZH XI0|
AEEA FERE 23 vt Felieks e 4
Al FiEzsh= oA ojH=d 3 BF2 2R A2
A L a2 st 97 HE3st oF 58-48 Ma (3 3)
9] Y Ee 2 oF 23T Q(eF 48-27 Ma; Jo et al,
2016) 71 3+ &5 74 (magmatic gap)S A A Foo €
of FRtE $7] ST A-uto] @A MY AHEE o]0
2tk FREE 9] o o A 3HY BE-2 Y2 EE& FF Al
olofl A B A7H(lull) 717H2F 60-46 Ma, o: Yamaoka
and Wallis, 2023; Wu ef al., 2024)3} ¥ Hct wehbA] &
ofAJote] o e A thFZ o] 7]1EH A9E 3 BF Al
A o)z Fr| 2 o]fr 2 thFH L Q.
SEvEteks 2 g2 E oA 3 EF 749
gt A77F e2E2t 23 E | girke.g., Imaoka et al,
2011; Wu et al., 2024; Yamaoka ef al., 2025). AR}
w2t 7Y 717ke] M= 234 thEZ ]9, Imaoka et al. (2011)
o] T A3t A Atz =M, Y& AR (L
Sanin belt)©] 3T5(1E; Chugoku) ] o] ARESH= Al
Ao SPISFE oF 60-45 Ma 54 SHE 1L Mol
A AA L ok 52-43 Maz B} 3 AL Bz} o5
o] A|A|g Whgt AR = i E K-Ar = Rb-Sr A2
FAZA = HAoIHATE X5 Het AEg U-Pb Aty
7HIRE I Qlo] o] AT AHE Ho 27|k 7tk I
H 2, AF G4 37494 Kim and Kim (1997)0] A-§
I -3 3PFAES w2 E48 €2 F Rb-Sr AY A
=497+ 0.1 MaZ2 A= dX|3}A|9 & o]Z U-Pb Aj=
54-51 MaZ (3 3) 99k | o 23 =35 A g
uRE7FR| 2, Imaoka et al. (2011)0] 52.7 MaZ A X8t £
A2 (#%:4) ST GA] Rb-Sr At Al Bofl &
73] Al=|5l7] ot qhef o] 3t 7 AE A|QsHH, A
%l A ¥ 9] 3deF 32 oF 56-45 Ma2 tfiE 5= Qlch
Y& Fr9| Wiol7]- 17| A ARES TR Yamaoka
and Wallis (2023)% Rb-Sr A A= AlF =7} ojZ
= o= 38 tholA ALlstAtt 0|52 U-Pb A
o ueS £ 21 B 2 AT 60-46 MaB A K10
™, o] 7|7+ 27} 3t DY A F$T]-o A 27]
(58-48 Ma)9] Mg &5 Al71¢t FHE 39 €9 ©f
Aof| gl YEFE+= A2 AR AL, BdEA
9] §HZTLE “AHAF 3FAFE(Chough and Sohn, 2010)2}
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Eo& vhE Y29 ARl sHikZ ot & ciu]Eck webA,
T A oA TEE ol oA 3 BF9 -7 Aol= A
o] oj2| ¢ Helrh

U2 P ol oA 3 5 ZHel sl A+
off e -2 XA Aol At W T YA AEs &}
25 =43) gt E3] Imaoka ef al. (2011)& o)A A3
A=9] Ao} ZHAl=0] A 41360719 K-Ar At 2
TS 3l A2AI(SF 56-45 Ma)2] 3 BF 7= At
sttt ol &2 3 B A 3t S S (slab)S] A
o =7t AR F7teke i E S (+HE, backare)7t G7A
(rifting) F 91Tk Z-E3hh QAo Zukel 1ol 2}
gl Aokl WS 279) 453} ol Fadvection)7} o]
U 24 WE AR $ARE o} RhSel R, ol
3 AT DAL A-febAlo} YEe] SEof U2 9
e (far-field) E72 23H4T} ikl SARH
7Hdo] BAAEA U o A(9F 56-47 Ma) PSS A3t
Kim et al. (2005)°] 9J3]| A|7]= v} YL 7R = L&
=3 Qlet

5.3.2. oI MUl S¥-& DY MAXEH &

U2 G=9f wioty]-u7] 3 E5oll et A+t
= Wu and Wu (2019), Yamaoka and Wallis (2023) %
Yamaoka et al. (2025)°] 23l Hh == AMFA 34
At 2E 6). Yamaoka and Wallis (2023)2 =2 # o]
Aol 7]8ksf 4HRIThe] 3 &5 o] 60-46 Maof LiEt
U, o] o2 |-ej B g fj % (Izanagi-Pacific ridge;
IPR)9] YT AAETH= A skt o2t a4
M2 & 2Y md(Seton ef al., 2015; Kimura et al.,
2019; Wu and Wu, 2019)0] AAEH 7IsA =ik o]
2ee o|4l ¢ish gl IPRo| A )79} A2 Hayst
A UG AAITHHIH 6a). Wu and Wu (2019)=
& vt ofy g} =5 2Aloke] A =E| g di(Sikhote-
Alin belt)Q} AFE Aof| A %= oF 56-46 Ma A 7] 9] M4
&5 Fo] EAIstH, o] wpan} BF9] £33 PRI} 3+
Ato] 8] 79| B3t 7|5t vAZ Argo] Zhssirkar A¢k
FATH2E 6a). T Uo7} Wu et al. (2024)= WHE ER
I 2AA7E BAS) olAH7| B LFAE EUFe s
# IPRE] A A17]7F 50 £ 10 Ma Zo]=(ZLE 6b), ©]
o Mg &5 B HIE3| Fotrlore] BHd-A T 29
2 #37} AUk s sk

31H, Nanayama ef al. (2021, 2022)2 Z7}o| = 3|t}7}
ti(Hidaka Belt)e] 319F 2 444 Aol oAt A7E
S3) o 46-40 Ma 717k9] 514 BE 7L AAISIATE. 46
Maof| E5H ZaeAl-oeA 3 &5 Wu and Wu
(20197} YEE=E 3| Fotrlotoll 4] A|AIGE 56-46

T SEET A0 FH P4 LHE H2M(50-48 Ma) HHZ AMH: HAEXEH &t 13

Ma 243} SA th=2t. spA|R sioztdiof 7154 oM &
59 T= A2 = FtS] 48-47 Ma(3 3)3 A
SHEE ZujEth

ool M A2 uief ol o oA 3 BF A2 ot

Active Japanese-Korean arc,
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Fig. 6. Schematic diagrams showing Paleogene tectonic evolu-
tion of Japan and Korea during the Izanagi (IZA)-Pacific (PAC)
ridge-trench intersection (modified from Wu and Wu, 2019).
(a) Very active Paleocene arc magmatism characterized by rel-
atively enriched isotopic signatures and high magmatic areal
addition rates during the fast (20 cm/yr) subduction of the
Izanagi plate. (b) At around 50 + 10 Ma, the Izanagi-Pacific
ridge (IPR) subduction under the Asian continent produced a
slab window, ultimately resulting in the ca. 56-46 Ma mag-
matic gap in the Sanin Belt, Japan. By contrast, the A-type gran-
itic magmatism at 54-51 Ma is widespread in the eastern
Gyeongsang Basin, Korea. The relatively depleted isotopic
signatures of the A-type granites (e.g., Choi and Choi, 2025)
could be linked to the influx of asthenospheric materials into
the mantle wedge via the IPR or slab window. (c) After ca. 48—
47 Ma, magmatism ceased in the Korean Peninsula until the
Oligocene opening of the East Sea. By contrast, arc magmatism
resumed in the Sanin Belt, Japan, at around 45 Ma.
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Aot 555 whet A GERZ 2pol7} U=t 1 o|f= of
2] E24sit). agoe Etstar, eyt ot Zol
Al o oA 3 Ego] B3t 717H(58-47 Ma) F<to] &
29 AR A= 3 Z-go] 27 Aol HolEA |
THLE 6b). ]9} -2 Zpol= IPR Aol ©HE 3 &5
o] F=7} AkRItholl Al HA(F 60-56 MaZ) YolitaL, 3f
Fo| A& XY & o2 HYEHA o 54-51 Ma
712t Foll €9-%o] Tt oo W5l L, 48-47 Ma
73 e HA] M E5o] FREHUSS AARITHIE
6b, 6¢). T Lpol7t o] 3t fol= IPR A Yol W& & &5
9] &=t 99 HY 4= F I-AFE A HIt
EL A9 A)7)9 X9 HXHe.g., Liu et al., 2020)2 A
B = Q7| w 2ol B AAIRE A7 B s Helr)

U] AL, oA PG Abo]9] i
o] ¢F 90 Ma A7]o]| L& sfl7tof] A +AHA HY =™
AT 3 &5S YdeFvhs 29 (Maruyama et al.,
1997)0] ofA = W2 ALAE Aloof AE| L it} o]
oF 37, ©F 90-80 Ma2] IPR 5 4d¢dell 7|23t &H-%
(slab-window; Hwang et al., 2012) T+ T (multiple)
SH-F 2 (Kim et al., 2012)°] A2k v} ictk. spAJRL,
AT HAA 7 Id2F 5 Zdo] MFA Aljt=EH(e.g.,
Seton et al., 2015), IPRo] 3j7of| 7 2] H3¥s}A| 2F 55-50
Ma7 A3t ths mdo] == ATH 1™ 6; Wu et al.,
2019; 2024; T 2 A2 A% v @S Kim ef al. (2015)9] 1
d 2 Z=x]. 55-ZER| 9 A% TPR s o] HY
EHA &£H-F (e.g., Thorkelson, 1996; Liu ef al., 2020)
o] gr=ojfef whah, Al WEe] AHE sty 249
WS 24 2 24 oh1nb} A4E S TR ob)
weha] TR Aol B A-3 3¢t (e.g., Choi
and Choi, 2025) 9A] IPR 3|5 2] 4 ¢of k& x| -51sh%]
WIS ol Bt Aot 3H-A| 12 WS &
3} 22 9)-2 70|t} T3 58 Ma 0]3o]] QI3 AAHLA] 3}
e Wol7| dAISol Bls A olE9 eHf gEo] =l
=7 Eo0}X|=d|(Cheong and Jo, 2017; Choi and Choi,
2025), Cheong and Jo (2017)2 o] EAZ HIIE o QA
A2t &4 9] 2AY3Krejuvenation), & AoFd WE =29
o= Ayt vt ok 29E F99a A8 BoF
= 99d WEY FY2 IPR AYU(TH 6b)of =5+ 5=
Qe B2 Ho} AAGE A7 e 5f Heltt

SHH, 9] A|7luk AL A+ ZIHHong et al., 2024)
of o5, EREAE FAIsks LAAESS w2t Aa
T m)AXZo] -3 (clustering) 2.2 FojLfal glat, o]
270 GFHel= R ¥ FF olF = AATT
0|2} 3, FEeE et g ZH ) whE Pup S5 2F
+ “1& & d|(High Vp belt)”7} b, o]2{3t Vp o]

= 539 Gl AAE 27N (paleo-rift belt)E Bt
gstctal A|Qt= Ith(Hong et al., 2024; Park and Hong,
2024; Lee et al., 2025). 3}Aq, yete] HafokS o
2} 4RSS o oAl SUES T HhE e AXE
th &, ol @A 7)o Yol IPR Aol 93 &5-Fol
FHoA ZFEA 9 o|27|7HA] AA WS, o] F
= B8 =AE WEo| A= o] Fdl et A= A
5] 299 WE &S Hol= IAYAA-F d =
DE WS 7HE(3E ob)olth & “UEEYrE o]
F= SFRAIZHFME)0] o 50 Ma A]7]of| oju] =7
&SRS 7HsAd 0] Slth= Aol AAEA = oHF A2}
E4Y A AdE & 5 g7 W2l £AIZRA SAE Al
Al8t7] of et ohek, A 2F s1o) ard A o] A whEof
A Aes| B2 dolAl o7 7sAdS B0l v+
Al vira]sf Helt), % 3Hd-A G2 AHE ofe=2& A
Z-2 72 Bdo] A|F =4 vttt

6.2

2529} 29| 47 AReIA L Aol Z MPbIU
A= oF 50-48 Maz of| @A 3H &0 ATt
oz} BHAEA] AH N e AE PSS TefEth E3H
48.2 + 0.5 Ma (n=19) 33| ddshe LA HTS2 o]
HE2F o]Fo L= AR AolE dd A==
EAE] FgHo] #A] AZoll A2, Lim et al. (2025)
7} A2 BB} HE) 7 half-graben) 72 2],
= B2 AZo| Aoz o8 TAE 9ALY AL
2|7 g},

227} 9L 50-48 Ma *Pb/P'U A= 7129 K-Ar
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