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Q9 S|t BPux o] dotul FHISRHE AolE U-PbAE ZAste] 22 SApo] Bat A7 S AF31aL, o tolr} g
gtz o] AT 3Hg- 2|2 WHARE Fobr|of TR 250 H|5o] HESIFTE 3 7 A A R9] 7| AR} A ubebal oo 4
Z47F 253 Aol 22| Pb/ U 7H5HF A= 49.1 £ 0.7 Ma (n=10)7} 48.7 + 0.6 Ma (n=14)°]c}. 3L B3] AZ Q1] A&
St 7 $3]9(48.2 + 0.5 Ma; n=19)3} A13}3173¢H(48.6 + 0.5 Ma; n=10) FA] ©3} W) Ujol| A 5Le o] 2 AYE Hel
ok AR LAATS O] HEE A Fof AMEsty, EHEX] EFA9 9 Yo R At B3 oM TS] 5 A7+
53]9S Adeln] WIstE R oF 48 Ma o] Folt}. o] & o QA A= FAFES R oA BaiE 7oA o i (+3HAER)
©] ¢F 58-47 Ma Athe} Y2|5H, BFEX| 9} ZFEA| 7} M2 FARE A T2 S04 FAEUS-S AARSH FHEE W) 393
3l oA T S5 2T} T Aot A BILE oF 60-46 Ma 7]71e] 314 &5 7H(magmatic gap) T} tf2& o], o] gt X}
Ol 2F 50 + 10 Ma 7 L& gl 79 HaslA A At o] A}7]-el| 5 2t 3l &5 (Izanagi-Pacific ridge) 2] FFY Ao =2 =44
t}. SR, o] 5 B} BT Afo] 2] 718} W & 53HA WAL BEo|1, 37 Aol whE &W-H(slab window) 2] W& X|7] FA|
Ags] 47) ot 2oz EetaL, eyt of @A 34 E5o] St int o g} Folalote] Rtz WHARE At

Lo Fa3 948 A1 IS By

F80: XO{Z U-Pb AL, o M| o8, SHEX], QuH vs. LIS, OIXILEY BT i Y

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 2*°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

Copyright © The Geological Society of Korea 2026
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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 et al., 2019). (b) Geological map of the study area
showing the sample locations (modified from Cho et al., 2018).
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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 Wopp*B8Y 40, 2TppR%pR° 4oy ]?E/}Z)
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 39 472 +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
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Table 2. continued.

Spot no. (pll)jm) (pgrln) /TS S&g‘% N6y A8y 40, 27pp’App* Lo I?ﬁz)

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  0.93 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  0.95 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 2.4 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 48.4 +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 48.4 +1.0
458@11 1229 667 0.54 0.03 129.5814 22 0.04671 1.3 49.6 +1.1
45812 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
45814 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.

“207ph-corrected 28U (<1000 Ma) and ***Pb-corrected 2*’/**Pb dates (>1000 Ma).

T S LRI = 456): S3]dolA E2lE A2 2
HES ojme AFoE A3 2ol e 100-200 pmo]
T, 0% 8L 211 FEo|th 1Y o). 34 W
oA BT Ao A2 SET WRERZE HolA|
BETHIH 40). o159 *Pb/ U 715 B a3 = 48.2 +
0.5 Ma (n=19)0]tH2 5¢).

ASISPIHAI B 458): o] 33t AojlE AAE2
F&E AR olw AR A5 Aol ik 100-250 umo] L,
AT UGS 31 ARt LY 4d). o SE S3A W
A o) A T35 A S =tfj(oscillatory zoning) 231 K
ETHIH 4d). Akl A 73 *Po/ U 7153

FAHE 48.6 £ 0.5 Ma (n=10)°]tH( 18 5d). o] =
Kim and Park (2016)0] H 173} #]o}Z2] SHRIMP (Sensitive
High Resolution Ion Microprobe) ***Pb/**U 7}52 44
Q1 49.7 + 0.2 Ma (n=8)T} v|m 3| kWi F =gk &=
A 5= AsEdeto] o @A) o]# 24 (Ypresian Stage;
56.0-47.8 Ma)o]] Y RS- X AJgtc}.

5.E9

5.1. S8EX &=Lt
BRG] FA Al7]0 tit 7 7HA] ASE S ohe] 2.4
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(Lim et al., 2025)2F Ze}o] ©A|(Kim, 2024)] 53] 3
7Hae AF5] Slal A4 Aol ze] U-ph ArjE 24
shich. Tefut, 27} BAIe BEe] doAlR 454; Lim
et al., 2025) Wol|A] nfo] @A = T H T 32 B4 FA
7)(syn-depositional) 9] #4478 Ao|&- AR A| F3irt.
I Adh, HEA AolES S8 EHEAY FH AVIE
R ARE JEHolA Qelth Ea 92l dr)
54 dote EBER 9 F A7) uto] oA SHF B
o] FHol EEAY fIa= AlAlshH, ol= Z3 2 A7)
B2]9] A177](Neogene) E|Z| o] 7|2 (e.g., Lee et al.,
2014; Kim et al., 2023) 7] nfo| 24| 4 &5} =
= olgo,

DEE DR EE R O R R PR
o] 712 HFAYE= 49.1 + 0.7 Ma (n=10)2.2 o @A 544
53 AARITHE Sa). o] Bik= Bl &3 3 7 A
etof| A Jeong (2016)©] H 75 49.0 + 0.1 Ma2} A X|3tch
3L Aeko) 71 e} Aol A 242 22 F Al d
o] Agutehd Ak olla 3t Aol 243}t A
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(48.7 £ 0.6 Ma; n=14; 713 5b)¢} 22 H Y] Ujof| A L3t
o}, ol ok} Alge] A ESo] & ek Ei SHAkgH
o 2HE SHAPLE AARIT o3t REE B A
Zo] 4 ATE0] o) k(T 1b) A S5l
At} 274 AB2E A o] LoTolN & Aol
9] 71 HAFA = 48.2 £ 0.5 Ma (n=19; 113 5¢)2 EX]
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EEx|0) 8 A)7]2 RIS A Age d7le of
ARAEL, Fad ARE $4 Aueiy 2 4 .
Kim (2024) 28704 2118l 5}459] odr) Aag
w2 Rejsio], B Zo| nho| 4] 7R St 24
o AA HAHYGT AL T2k, o] Fol= Lee
and Jacobs (2010)0] E820] 4] W4T u}o] 2 (18-15.2
Ma) Neocometes 5}40] r2te|o] glck. wha], HHE]
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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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28 4= Qltk 9F 49 Ma9) U E& Hdj(Maximum depo-
sitional age)+= H}o] 2A|(¢F 17 Ma ©| %) EJZ] AJ7]Hct &
A e Aol HFEA AGoA dofd oA s
= AARIE o5 #E IES AlYshd HEA Aol
A= fHE oF 320-310 Ma, 390-370 Ma, 12|31l 1.88-
1.83 Ga¥9] A| 2522 i Hth o]2f3t #i /-2 Jang
et al. (2024)0] BHAF FX]| ] HOHeZt AbgtoflA] H
3t =4 Ao EEZ(cumulative probability) Z-411} H| 4523}
o, FA7L A= FARE B2 87, & sl 22 A] S5 0llA
B A EINEA Y AE(Cho er al., 2021) Y& Al
Argtet.

S, B B2 2 HE oF 10km AZo] EE3H= 413}
7oA & Aol 2o *Pb/ U 71EHF ALl 48.6 =
0.5 Ma (n=10)2.2, Kim and Park (2016)©] }2 313} 49.7 +
0.2 Ma (n=8)} A2} Y23t} = 4Aslebd et -4
A $-3)9ke 1:1009 XA %=(1Y la; Kee et al., 2019)9]
A Wot7] A2 71 = o] glof o] Bas Helrk &
ET ZH| 2 AMEE SRR 129 AR ofY
2} 3 doll= of| @A) 7150] "olgle Holtt of
A BPIRFS] AR HhAY) A ALY Alole] mE
B dtella] ofn] Eargl Bl QLK 3; Yun and Silverman,
1979; Jin et al., 1989; Lee et al., 1993; Won et al., 1994).
53], A3 A dEF AR EfollA] 2R o FEE AMESH
= 42T e A9, A 2H|7ko] E(riebeckite)
9] K-Ar |7} oF 52 MaZ A2 dX|3tHLee et al.,
1993). Are] 3Rgeto] vlud] w2 Jzhe M5 3y
AL 2T uf, oA K-Ar FE At 33
273} Aot fArd Ao m AT wehA, FeE §
O o oA 3 FE2 7]E] X AR H W
A QoA dojuten, 3 AolF U-PbAd &7, A%
315t B4 55 B0l Hrt ApAgE A7 s Heloh

AEH o=, BEHEAE 2A4HTS E= ol FHkE
A5l s 8| = W 71 XY 7ol 2,
370 v el ARk TR §AIS 44 Aolzo) Kx
TS BT 5). ofS Aol E ARFE TaHs) 444
5|52 2] 29 (provenance)= BHE] 2] A(H)Zo] $]
APE Aoz gdnh &, (1) oA +42 SIH=E
< S AEE (0] E); (2) AT B Mgt
7] HebrE<k(e.g., Jang et al., 2024); (3) AZE o} 7]
Hielel 1.85 Ga HuFQF B3HA|(e.g., Lee ef al., 2023b) 5
o] 8 TUAFE Aolth LHAMART S 7L R AF
oA S5E HHE] & FoA AZS = o
PO g FE5HA A2l vhd, £4] S (depocenter)?l &
£o2 Z4A4E NPIE= EHIAAY WHIKLim et al,
2025) GA| 2R A& ZUA7} Ao R

5.2. Z4ETX| LH KU 2t &S

ERER e ] A S Sl oF 50-48 Ma9]
3Hd 5ol HrEFon, ol= §hA|7] A ejel-4HE 299
A Hag o 04| 3HeA| o] 25 BL AT &
2|9] A= o WA BAF £A W, 53] FAES F
oAl Hig o oA o|m 24 3} S5t vlAH o]
L= I dRE oA dd ARES AT
FAES A o2 o] 3 30| T skt A2d
W& QJofl&= Shin (2012, 2013)& BAEA] FEFl X
Sh= 1L%17](Paleogene) 3HA| 2] o 4] Aol H <1
34 mld EY(ZFT, AFT) A& 470 Barsiicth 1
i}, o5 FT ddi9] w8 &=+ 742 2F2001C 2} 100C
E(Shin, 2012) AthA o2 o} 7] Ao} 2ozt d 4=
Q7] wZol #of| Ydstr] gttt IHoE Esta,
ZFT 9 AFT Athe] AAAQ] H3l= o oA 3HF-A 72
5ol il AAbshe HEZF ool ). E3F Rb-Sr
A4 Adl(e.g., Cheong and Kim, 2012; Park, 2012)%= t}
S BuEgloy, o] A 9A] ¥Sr/*Sr 27]2]9] 7PEA,
YRb/*Sr v} 2he WslE B o2 Q3| 2| -sHE oju]r}
EHAle] 1 ol A Al Ljstct

ZdadolA 27t A28 sk 50-48 Mag] o
QA 3 2 HHA17] A K-Ar Ao 578 33l o]n]
HuE vb QIohER 3). FAlofl= o|lHE4 Adizt AY+=
F9A ou|E "jotstr] o HHA|TL o|F BAAEA] FF
HolA w4 2 ), YA/ Ar ¢, SHRIMP #]o|Z
ddl &4 S(F 3) ot A Al ARE0] S =
71 oju)7} BztE|o it

EF-AF Aol WA BESH= sHAT 3k o
AFo 2 Shin (2012, 2013)2 @2 k0] ZFT W AFT |
£ ISt olg F T FFE0l AEske 319
2obd 23|9toflA AL ZFT 71 B A= 52.1+23
Maolt}. o] Z-3| A of| Sl El= Z A|5= o] SFAket
A 2ojlA B2 AoJZ **Pb/7 U At 49.4 + 0.4 MaZ
(Lee et al., 2014) A2 FAlSITE 0] 33|19 A= AldH
02 oF 15 km HojXl Z3FA| 7| A He| AFE3dt= A-T
3173¢t9] 54.0-53.7 Ma (3 3)Q= vt 7|4 373
2 BFA FA ST YT A-F OB, RIS 2
ol 247} AFEshe Aol 2Rbsl Hwang et al. (2007)2
o] S 3 T3] HeTFo] oF 21.3 kmEkar A|(HsH
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 BxS= IPIUAAIE 244 A
SUET4L ), S8 (T e e
A e (aAt BPeh O Al FRE SIS
™, A-3 Q1 FA gz S-S AlQsta e F A=
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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 48.2+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 520+ 1.6 Yun and Silberman (1979)

Samcheok

Punggokri, Samcheok  Rhyolitic tuff K-Ar whole rock 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

Daejeonsa, Juwangsan  Basalt

National Park

YA Ar whole rock

Yangsan Fault area, Southern Gyeongsang Province

Gokgangdong, Pohang  Rhyolitic tuff

Gigye, Pohang Alkali granite

Gyeongju = Biotite granite
Alkali granite
Hoamri, Gyeongju High-silica granite

Namsan, Gyeongju Alkali granite

Moari, Gyeongju Biotite granite

Dongcheonri, Gyeongju Alkali granite

Tohamsan, Gyeongju = Hornblende granodiorite

Tohamsan, Gyeongju Andesitic dyke
Rhyolitic dyke

Gyeongju-Ulsan Mafic dyke

Bangeojin, Ulsan Granitoid

Daejeongri, Ulsan Granitoid

Zircon fission track
U-Pb zircon

U-Pb zircon
U-Pb zircon
U-Pb zircon
U-PDb zircon

U-Pb zircon
U-PDb zircon
U-PDb zircon
U-PDb zircon
U-Pb zircon
U-Pb zircon
U-PDb zircon
U-PDb zircon
U-Pb zircon
U-Pb zircon
A% Ar whole rock
A Ar whole rock
A Ar whole rock

U-PDb zircon
U-PDb zircon

57.0+0.9; 55.7+ 0.8 Zhang et al. (2022)

52.1+23 Shin (2013)

494+04 Lee et al. (2014); Drill core
sample

53.9+0.3 Hwang et al. (2012)

53.7+0.2 Cheong and Jo (2017)

54.0+0.3 Choi and Choi (2025)

53.9+04 Cheong et al. (2013); Cheong
and Jo (2017)

55.2+0.6 Choi and Choi (2025)

522+0.5 Ditto

53.6+0.7 Hwang et al. (2008)

544+0.4 Jo et al. (2016)

51.6+0.5;51.3+ 0.8 Lee et al. (2020)
54.2+0.4; 53.2+0.3 Choi and Choi (2025)

48.9+0.6 Lee et al. (2020)
51.6+0.5 Ditto

57.5+0.5; 56.8 £ 0.9 Cheong and Jo (2017)
57.0+0.6 Choi and Choi (2025)
559+1.5 Kim et al. (2005)
53.0+1.0 Ditto
47.3+0.8;48.0+ 1.3; Ditto

524+09

58.4+0.7 Jo et al. (2016)
48.0+£0.5 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).



298 T2 019% - 2F0 -

-3 o] sjFErt o] A= oF 58-48 Mad| 9| E Ho|
o, 42 IS AHH o2 F2 54-51 Ma A E A
UTh(E 3). 0|23t A3k= ZZ W% Choi and Choi (2025)
9] #ojZ U-Pb AWl AR = It I
Cheong and Jo (2017)]] W=, o @A S 4=, 71
Al A Qo Bt FZof YIR]g thH 2], T A Fof|A
FRIE, o]F 3 &5 FA7IE AA BT E5FolA
Holz] 3p7eto] 2| aA|(27.1 + 0.5 Ma)of] TAsHATH

2HH, Kim ef al. (2005)= 754 X 9o E3Edt=
A714-AH dWES o= YA Ar AY AdiE 2
Ukeh AR A Y] A= 52-47 Magl ¥, qHAH
o 2 {2 A Z17F 56 Magt 53 Mad] A&
HRITHEE 3). o5 YL EFAF 3P ehs Bt Sle
o, 2370 Lojt E=AL 3 EEo thESTh £
AEE A T4 AFol| KIATE thHAL Rkl A
A2 AP Ar H Aol 57-56 MaE(E 3; Zhang et
al., 2022) FHRI 3143 EAU=0l vl 43| 4
2 A& Heltk(Hwang ef al., 2017). gk o] Hj7}
AU A2 oo) Bepalah

ool e FeE, TEU WS ATAE0] B
gk v} o] A B R T A HF7)-o2A
%2719] 3 &E-2 oF 58-47 Ma9] 1HTHAF2t Yol e
o, A-3 I S ZH2} 54-51 Ma®} 56-47 Ma
of TARZZ & 4= Utk ol=gt Al = Lee et al.
(2014)0] L3} A|F= Hof 9] Tl AMtellA & 244 A
o2 Pb/ U Aol = & HtdEle] Qltk. &, T Ao
A e (FE Al A HEA At 252 ZH2 60-50
Ma (B3 Z+S 57 Ma), 60-47 Ma (B Z+2 51 Ma) H9]
of| &3, FARA] 9] o @A BHd SE-S i slET

A AT 2F-A S A HY Skt sPtetollA &
2 Ao]Z/)13) 4 mlHEH Adi(Shin, 2012, 2013) F 9
2A-ato] Aol st AEe] th HuEHh 53,
737t At Abo] oF 20 kmof| AX EEsh= 671 St
AlZo|A 5 ZFT W AFT At &2 A2 fALSHH(A
tzrrarr < 3 Ma), 225 53-49 Ma 9o £31t}H(Shin, 2012).
ol oA o]HEH A7l 7] Wety] Al E0]
Aoz we=A 7= AT olet 57
FolCt Kol = Fish= ol = A9 T Al
71et A3, AL A2 AA =] S-S AlAkRIT w)
ZHA] o @A B BE2 FAITS O FH ARt ofy
2} wjoty] 57]-Za @ Al(F 85-60 Ma) E=AF S¢S
2 E 5= AAF SHAEE(Chough and Sohn, 2010) E o)
A FH A 3 vzl AF2A ARY Aew wd
.

AEZ R, oA oln=d sHUAl= BdEA &

SRR YT 250 BEK Wolo] o|27)71K] 5
siobe wiet 3 Yo Aol A Lolut HejHal spy BE
o] Abgoleka hgrElc. ofeld 5o Tl of| A7
2 W7 o] Aolik=A] obeo] Eolgi.

5.3. HIAI 2H-X|2 X9 o E M
5.3.1. SHHCQF URAL-O| ok &= 2: AIZHE XI0|
AEA FERE 23 vt Felieks o 4
Al Fizsh= oA ojH=d 3 FF2 2R AFE
A L Fa 2 st 927} HE3st oF 58-48 Ma (3 3)
9] 3] S5 oF 23T 9(eF 48-27 Ma; Jo et al,
2016) 71 3+ &5 74 (magmatic gap)S A A Foo €
of FRtE $7] ST A-uto] oA MY AHEE o]0
2tk FREE 9] o o A 3 B2 Y EEe FF Al
olofl A B A7H(lull) 717H2F 60-46 Ma, o: Yamaoka
and Wallis, 2023; Wu ef al., 2024)3} S Hct wahA] &
ofAJote] o e A thEZ o] 7]15H A9E 3 BF Al
A o)z Fr| 2 o]fr 2 thFE L
SEvEteks 2 dEoAE oA 3 EF 349
gt A77F 22E2t 2= girke.g., Imaoka et al,
2011; Wu et al., 2024; Yamaoka et al., 2025). AR}
w2t 7 717ke] M= 234 thEZ ]9, Imaoka et al. (2011)
o] T AEet A Azl =M, Y& ARI (L
Sanin belt)©] 3T5(+rl; Chugoku) 2] o] AREH= Al
Ao SPISEE oF 60-45 Ma 54 SHE 1L Hol wh,
A AA = ok 52-43 Maz B} 3 AL HoZt) o5
o] A|X|g Whgt AR = thHE K-Ar = Rb-Sr A2
FAZA = HAOIHATE X5 Het AR U-Pb Aty
7HIRE I Qlo] o] AT AHE Hof 27|k gtk I
H 2, AF G4 3749l A Kim and Kim (1997)0] A-§
I -3 3PAES W2 E48 €2 F Rb-Sr AY A
=497+ 0.1 MaZ2 A2 dX|3}A|9 & o]Z U-Pb Aj=
54-51 MaZ (3% 3) 99t | o 28 =35 A g
uRE7FR| 2, Imaoka et al. (2011)0] 52.7 MaZ A X8t £
A2 (#:4) S GA] Rb-Sr A Al Bofl &
73] Al=sl7] ot whef o] 3t 7 AWE A|QsHH, A
%1 A ¥ 9] 3deF 72 9F 56-45 Ma2 tfiE 5= Qlch
Y& Fr9] Wiol7]- 17| A ARES ST Yamaoka
and Wallis (2023)% Rb-Sr A A= AlF =7} ojZ
£ o= 38 oA ALlsttt. 0|52 U-Pb A
o ueS £ 21 B 2 AT 60-46 MaB A A1
™, o] 7|7+ $27F 3t DY A FF7]-o A 27]
(58-48 Ma)9] 3Mg &5 Al71¢t FHE 39 €9 ©
Aof| gt YEFE+= A2 AR AL, BdEA
9] §HZFLE “AHAF 3FAFE(Chough and Sohn, 2010)2}
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=2 T G2 ARl sHks et 2 diu]E ot whEbA,
T Ao A BEE oA 3H BF -7 Aol AT
o] o2 ¢ Helrt.

U2 FAFAELS oA 3 &5 Aol s A+
o 0] SEe 14 Ache} A U FHels A7sfat 2
25 =45) gt E3] Imaoka ef al. (2011)& o)A A3
AH5o] Aol AASo] Y B4 60/49] K-Ar Arf 2
IE Fsl o 2Al(eF 56-45 Ma)9] 3Md EF 2o At
SFATE ol &2 =S T oA F1t sfdT £ (slab) 2] A
o =7t HA S7ksh ths3(+HlE, backarc)7h &7
(rifting) T YAThaL 231t F7Aoll xte Qo] 2+
S5} Aok WS 20 A} o] FHadvection)7} o]
o 248 W AT S A vk} Bhsel R, of2)
3 A72 BAL Am-getilol gEe] S50 1 A
2 far-field) B2 2SR SN E fARE
7ho] ZAFEA ) o 242k 56-47 Ma) S-S AT
Kim et al. (2005)9] 2J8] A|7]= v} Qa1 EA7IA = L&
=3 Qick

5.3.2. oI MUl S¥-& DY MAXEH &

U2 G=9f wioty]-ux7] 3Hd 5ol ek A+t 2
= Wu and Wu (2019), Yamaoka and Wallis (2023) %
Yamaoka et al. (2025)°f 23 Hh == MFA sH4 =
At 2E 6). Yamaoka and Wallis (2023)2 F=2 Z o]
Aol 7]8ksf 4HRITHe] 3 &5 o] 60-46 Maof| LiEt
U, o] o2 |- e B g 3l % (Izanagi-Pacific ridge;
IPR)9] YT AAETH= A skt o2t a4
M2 & 2Y md(Seton et al., 2015; Kimura et al.,
2019; Wu and Wu, 2019)0] AXEH 7FsA HAth o]
wae o A9} 2o IPRo| AR sj79} 7o) Bayst
A Y-S AAZHLH 6a). Wu and Wu (2019)=
& vt ol =5 2Aloke] Al =E| g d(Sikhote-
Alin belt)2} AFeH Aol A RI= oF 56-46 Ma A]7] o] 3}/d
&5 Fo] EAsHH, o] npanl 59| £74-2 IPRI} 3+
Ato] 8] A 9] B3t 7|5t vAZ Argo] Zhssirkar A¢k
FATH2E 6a). T Uo7} Wu et al. (2024)= WHE EX
o5 ARE B4 olahpr|Te] £EALE Belgos
# 1PR2] A% 21717} 50 £ 10 Ma 0] 5(1 6b), ]
o 2Hd &5 B HIE3| FotrlorY] BHd-A T 2
& #37} AUk s sk

$1H, Nanayama ef al. (2021, 2022)2 Z7}o| = 3|t7}
ti(Hidaka Belt)9] -3-3]¢F 9 24 Aoj& ddf A+
Fll oF 46-40 Ma 7|7+9] 3Hd &g 78S AIAISHAT 46
Mao|| E5H ZaeAl-oeA 3 &5 Wu and Wu
(2019)7} YEE=E 3| Fotrlotoll 4] AAIGE 56-46

T SEET A0 FH P4 LHAE H2M(50-48 Ma) HHZ AMH: HAEXEH D&t 299

Ma 743} 2A) ch2ch. shAl, slctefel 7158 sk @
B9 F2 AHL T ST 4847 Ma (F 37§
Ao Ful g

ololl A A i} o) o o] g BF AL Fol

Active Japanese-Korean arc,
isotopically enriched

Pacific-lzanagi ridge
Ac

——

7 emgr
20 emiyr

Isotopically depleted  |pactive Japanese arc
( b) magmatism, SE Korea (56-46 Ma magamtic gap)

Uporitt &
I unconformity.

e o

Pacific slab

Cretaceous-Paleocene

extinctarc
() o

Less active arc,
isotopically depleted

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 55 E whet A GERZ 2po]7} U=t 1 o|f= of
2 E24sit). 2o e EtstaL, eyt ot Zol
Al o oA 3 Ego] Bt 717H(58-47 Ma) F<to] &
29 AR o M= 3 Z-go] 27 Aol HolEA |
THLE 6b). ]9} -2 Zpo]= IPR Aol ©H& 3 &5
o] F=7} AbRItholl Al HA(F 60-56 MaZ) YolitaL, 3f
Fo| A& XY & o2 HYEHA ¢ 54-51 Ma
712t Foll €9-Fo] Tt ool W5l aL, 48-47 Ma
73 e AA] M E5o] FREHUSS AARITHIE
6b, 6¢). T Lpol7t o] H3t 2fo|= IPR A Yol W& & &5
o] &=t 99 HY 4= F I-AFE A9 w3t
EL A9 A)7)9 X9 HxHe.g., Liu et al., 2020)2 A
B = Q7| w2oll B AAIRE A7 B as] Helr)

YUt A, oA g g Abe] 9] i
o] ¢F 90 Ma A7]o]| L& sfl7tof| A +AHA HY =™
AT 35S Yotk 29 (Maruyama et al.,
1997)0] ofA = W2 ALAE Alo|of FA}E| L Fhrt. o]
oF 37, ©F 90-80 Ma2] IPR {5 d¢doll 7|23t SH-%
(slab-window; Hwang et al., 2012) T+ T (multiple)
SH-3 2 (Kim et al., 2012)0] A2k v} ict. spAJRL,
AT AA 7 Id2F 5 Zdo] MFA Aljt=EH(e.g.,
Seton et al., 2015), IPRo] 3j7of| 7 2] H3P5}A| 2F 55-50
Ma7 st ks mdo] == ATH ™ 6; Wu et al.,
2019, 2024; & 2dS AFS v 238 Kim et al. (2015)9] 1
g 2 Z=x]. 55-ZER| 9 A% TPR sfFo] HY
EHA &3-ZHe.g., Thorkelson, 1996; Liu ef al., 2020)
o] gr=ojRef whah, Al WEe] AHE sty 29
WS 24 2= 24 ohanb} A4E % TR ob)
waha] TR Aol B A-3 3¢t (e.g., Choi
and Choi, 2025) 9A] IPR 3|5 2] 4 ¢]of wh& x| -51shH4]
WIS ol Bt Aot 3H-A| T2 UEAE &
3} 22 9)2 7ot} T3t 58 Ma 0]3o]] QI3 AAHLA] 3}
e Wol7| dAISol Bls A olE9 eHf gEo] =l
=7 Eo}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= At vt ok 29E F99da AES BoF
= 99d WEY FY2 IPR JY(TH 6b)ol =5+ 4=
Qe B2 KW} AAG A7 5| Heltt

SHH, 29 A 7luk AL A+ ZIHHong et al., 2024)
of o5, EPEAE FAIsks LAHESS wet A+
T mAXZo] - F(clustering) 2.2 FojUpal ¢lit, o]
Aze] GFHe= R ¥ FF olF = AATTh
|2} 3, FE¢E et g ZH v whE Pup S5 2F
= &&= d|(High Vp belt)”7} Ueh, o]2{3t Vp o]

= 539 Gl AAE 27N (paleo-rift belt)E Bt
gstctal A|ot= Ith(Hong et al., 2024; Park and Hong,
2024; Lee et al., 2025). 3}Aq, yete] HafokS o
2} 4RSS o oAl SUES T ThE e AXE
th &, ol @A 27]o Yol IPR Yol 93 &5-Fol
FHoA ZgEA 9 o|27|7HK] AA WS, o] F
= B8 =AE WEo| A= o] Fdl et A= A
5] 299 WE &S Hol= IAYAA-F I =
DE WS 7HE(3E ob)olth & “AUEEYE 9]
FE= SFRAIZHFME)0] o 50 Ma A]7]of| oju] A E]7]
RS 7HsAd0] itk Aol AAEA = ohF A2}
E4Y A AdE & 5 gU7] Wizl £AIZJA SAE Al
Al8t7] of et ohek, 2| 2F s15o) ard A bo] A whEof
A A B2 AolA o7 7sAdS ol v+
Al vira]s) Helt), % 3H-AGtx AHE ofe=2& A
Z-2 72 Bdo] A|F =4 vttt

6.2

B5EA9} 29| 47 AReIA DL Aol Z MPbIU
A= oF 50-48 Maz of| @A 3H &0 ATt
oz} AR A] AH N e AE PSS Dol E3H
48.2 + 0.5 Ma (n=19) 33| ddshe LA HESL2 o]
HEF o] 5= AR AolE dd A==
EAEY] FgHo] #A] AZoll A2, Lim et al. (2025)
7} A2 BB} HE| T (half-graben) 2 2],
= B2 Azo| HoZo o8 TAE 9ALY XYL
2|7 g},

227} 9L 50-48 Ma **Pb/P'U A= 7]29] K-Ar
Ao e} dXsh, § Yoz} FAdS FHoA &
8] HuE o @A dAchel & ]t o] AtE Ssl
HHE 3), BFEA] AYolA BFEA Eaiol o1=27]
7HA| S whet B W2 A oA T A 257]-9
QA 27)(%F 5847 Ma)] 819 Lol Ugigol HFs
o). oF 14THAE S Yol o] B 3hy BEL UL &
=0} 25 AJotoll 4 RIH oF 56-46 Mas] 47} 717k
(2™ 6; Wu and Wu, 2019; Wu et al., 2024; Yamaoka et
al., 2025) & N2 o] 2k APYHO R AZ AW ol &
Ale] EotAlol g5 27t50] of A2 the 814 BF A
718 7|188HeA BARAL ¥el7] olgit. Folurt @
A7 IPR S|} o7 Alole] TAZH 5 71515k B
AE & 5 7] dizolch. SRR, S-2uhete] of oA 3+
252 IPR Aol W £9-3 WE FU(TE ob)oll A
A2 7hs/do] 2H, I3 Bt AAIE SH-ATE S
ol v B0l Fotrlol AAof 23 oA

T




0\.I

[ps)

o B9 R AR

A7} w2 wpier.

A =

= datol gt §olska Al 22 vES AlFET
AP ET, 215 Q3 WE IHER £33 FA
S w4 wRatel o] HiAbol| A AAL=- T
ES, el Ao ofe] AR A B ERF FA deE A
v e A=A o] AT =71 ATERE L] AX
7147 AR (KMI2022-00710)¢] &]3f ] Q=| e},

S

REFERENCES

Cheon, Y., Ha, S., Lee, S. and Son, M., 2020, Tectonic evolution
of the Cretaceous Gyeongsang Back-arc Basin, SE Korea:
Transition from sinistral transtension to strike-slip kinematics.
Gondwana Research, 83, 16-35.

Cheong, A.C.S. and Jo, H.J., 2017, Crustal evolution in the
Gyeongsang Arc, southeastern Korea: Geochronological, geo-
chemical and Sr-Nd-Hf isotopic constraints from granitoid
rocks. America Journal of Science, 317, 369-410.

Cheong, C.S. and Kim, N., 2012, Review of radiometric ages for
Phanerozoic granitoids in southern Korean Peninsula. Journal
of the Petrological Society of Korea, 21, 173-192 (in Korean
with English abstract).

Cheong, C.S., Yi, K., Kim, N., Lee, T.H., Lee, S.R., Geng, J.Z. and
Li, HK., 2013, Tracking source materials of Phanerozoic gran-
itoids in South Korea by zircon Hf isotopes. Terra Nova, 25,
228-235.

Cho, M., Cheong, W., Ernst, W.G., Kim, Y. and Yi, K., 2021, U-Pb
detrital zircon ages of Cambrian-Ordovician sandstones from
the Taebaeksan Basin, Korea: Provenance variability in plat-
form shelf sequences and paleogeographic implications. The
Geological Society of America Bulletin, 133, 488-504, https://
doi.org/10.1130/ B35521.1.

Cho, M., Min, K. and Kim, H., 2018, Geology of the 2018 Winter
Olympic site, Pyeongchang, Korea. International Geology Review,
63, 267-287, https://doi.org/10.1080/00206814.2017.1340196.

Choi, H. and Choi, S.H., 2025, Petrogenesis of the Late Cretaceous-
Paleogene I- and A-type granite association from the Gyeongsang
Basin, southeastern Korean Peninsula. Lithos, 514-515, 108220.

Choi, H., Hong, T.-K., He, X. and Baag, C.-E., 2012, Seismic evi-
dence for reverse activation of a paleo-rifting system in the East
Sea (Sea of Japan). Tectonophysics, 572-573, 123-133.

Chough, S.K. and Sohn, Y.K., 2010, Tectonic and sedimentary
evolution of a Cretaceous continental arc-backarc system in the
Korean Peninsula: new view. Earth-Science Reviews, 101,
225-249, https://doi.org/10.1016/j.earscirev.2010.05.004.

Hong, T.-K., Park, S., Lee, J., Lee, J. and Kim, B., 2024, Middle
to lower crustal earthquakes in the western East Sea (Sea of Japan)
and their implications for neotectonic evolution. Tectonophysics,
880, 230346, https://doi.org/10.1016/].tecto.2024.230346.

Hwang, B.H., Ernst, W.G. and Yang, K., 2012, Two different mag-
ma series imply a Palacogene tectonic transition from con-

VR SEET] SN FH o AN M A

HI2HI(50-48 Ma) K012 HH: MR X2X 1A 301

traction to extension in the SE Korean Peninsula. International
Geology Review, 54, 1284-1295, https://doi.org/10.1080/002
06814.2011.636990.

Hwang, B.H., McWilliams, M., Son, M. and Yang, K., 2007, Tectonic
implication of A-type granites across the Yangsan fault, Gigye
and Gyeongju areas, southeast Korean Peninsula. International
Geology Review, 49, 1094-1102.

Hwang, S.K., Son, Y.W. and Choi, J.O., 2017, Geological history
and landscapes of the Juwangsan National Park, Cheongsong.
Journal of the Petrological Society of Korea, 26, 235-254 (in
Korean with English abstract).

Imaoka, T., Kiminami, K., Nishida, K., Takemoto, M., Ikawa, T.,
Itaya, T., Kagami, H. and lizumi, S., 2011, K-Ar age and geo-
chemistry of the SW Japan Paleogene cauldron cluster: Implications
for Eocene-Oligocene thermotectonic reactivation. Journal of
Asian Earth Sciences, 40, 509-533.

Jang, Y., Kim, S.W., Samuel, V.O., Kwon, S., Park, S.I., Santosh,
M. and Yi, K., 2024, Paleozoic tectonic evolution of the pro-
to-Korean Peninsula along the East Asian continental margin
from detrital zircon U-Pb geochronology and Hf isotope
geochemistry. Geoscience Frontiers, 15, 101700.

Jeong, E.K., 2016, Integrative study and constructing a database
on the Miocene plant remains from Korea and Japan. Ministry
of Science, ICT and Future Planning, 37 p, https://doi.org/10.
23000/TRK0O201700015104 (in Korean with English ab-
stract).

Jin, M.S., Kim, S.-Y., Seo, H.-J. and Kim, S.-J., 1989, K-Ar whole
rock ages of the rhyolitic rocks at Punggog in the Jangseong
sheet, Taecbaegsan area. Jour. Korean Inst. Mining Geol., 22,
17-20.

Jo, H.J., Cheong, A.C.S., Ryu, J.S., Kim, N., Yi, K., Jung, H. and
Li, X.H., 2016, In-situ oxygen isotope records of crustal
self-cannibalization selectively captured by zircon crystals
from high-§?Mg granitoids. Geology, 44, 339-342.

Kee, W.S., Kim, S.W., Hong, P.S., Lee, B.C., Cho, D.R., Byun,
U.H., Ko, K., Kwon, C.W., Kim, H.C., Jang, Y., Song, K. Y., Koh,
H.J. and Lee, H.J., 2019, 1:1,000,000 Geological Map of Korea.
Korea Institute of Geoscience and Mineral Resources.

Kim, C.S. and Kim, G.S., 1997, Petrogenesis of early Tertiary
A-type Namsan alkali granite in the Kyeongsang Basin, Korea.
Geoscience Journal, 1, 99-107, https://doi.org/10.1007/BF02
910481.

Kim, G.-B., 2024, Cenozoic tectonic evolution of the eastern
Korean margin, inferred from the stratigraphic relationship be-
tween Mukho and Bukpyeong basins, Korean East Coast.
Journal of the Geological Society of Korea, 60, 169-179, http://
dx.doi.org/10.14770/jgsk.2024.009 (in Korean with English
abstract)

Kim, G.-B., Yoon, S.H., Kim, S.S. and So, B.D., 2018, Transition
from buckling to subduction on strike-slip continental margins:
Evidence from the East Sea (Japan Sea). Geology, 46, 603-606,
https://doi.org/10.1130/G40305.1.

Kim, J.-S., Kim, K.-K_., Jwa, Y.-J. and Son, M., 2012, Cretaceous
to Early Tertiary granites and magma mixing in South Korea:
Their spatio-temporal variations and tectonic implications
(multiple slab window model). Journal of the Petrological



302 EN

Society of Korea, 21, 203-216 (in Korean with English ab-
stract).

Kim, J.-S., Son, M., Kim, J.-S. and Kim, J., 2005, “°’Ar/*Ar ages
of Tertiary dyke swarm and volcanic rocks, SE Korea. Journal
of the Petrological Society of Korea, 14, 93-107 (in Korean with
English abstract)

Kim, M.-C., Jeong, R.-Y., Gahng, G., Chae, Y.-U., Song, C.W.,
Kang, H.-C. and Son, M., 2023, Incipient subsidence and sub-
sequent clockwise rotation of the Miocene Janggi onshore ba-
sin, SE Korea, associated with the back-arc opening of East Sea.
Marine Geophysical Research, 44, 11, https://doi.org/10.1007/
s11001-023-09520-5.

Kim, M.-J. and Park, K.-H., 2016, SHRIMP U-Pb age of Samhwa
Granite in the Taeback area. Annual meeting of the Petrological
Society of Korea (Abstracts), Busan, p. 111 (in Korean).

Kim, Y., Lee, C. and Kim, S.-S., 2015, Tectonics and volcanism
in East Asia: Insights from geophysical observations. Journal
of Asian Earth Sciences, 113, 842-856, https://doi.org/10.
1016/j.jseaes.2015.07.032.

Kimura, G., Kitamura, Y., Yamaguchi, A., Kameda, J., Hashimoto,
Y. and Hamahashi, M., 2019, Origin of the early Cenozoic belt
boundary thrust and Izanagi-Pacific ridge subduction in the
western Pacific margin. Island Arc, 28, ¢12320.

Kwon, Y.K., Yoon, S.H. and Chough, S.K., 2009, Seismic stratig-
raphy of the western South Korea Plateau, East Sea: Implications
for tectonic history and sequence development during back-arc
evolution. Geo-Marine Letters, 29, 181-189.

Lee, C.H., Kim, Y.J. and Choi, B.R., 1993, Geological report of
the Chukpyon and Imwonjin sheet (1: 50,000). Korea Institute
of Geoscience and Mineral Resources, Daejeon, 94 p (in Korean
with English abstract).

Lee, J., Hong, T.-K., Lee, J., Park, S., Kim, B., Celis, S. and Liu,
Y., 2025, Continent-side paleo-rift structure in the western East
Sea (Sea of Japan) and linkage between Moho uplift and moun-
tain range formation. Journal of Geophysical Research: Solid
Earth, 130, e2025JB031780, https://doi.org/10.1029/2025JB
031780.

Lee, J.H., Yoon, S.H., Kim, YM., So, B.D. and Kim, G.B., 2023a,
Failing subduction initiation in an opposing pair of incipient-
diffuse subduction margins: A case from the East Sea (Japan
Sea). Tectonics, 42, 2023TC007773.

Lee, S.R. and 39 others, 2020, Research on geologic hazard assess-
ment of large fault system-focusing on central region of the
Yangsan fault (R&D Report NP2018-017). Korea Institute of
Geoscience and Mineral Resources, Daejeon, 502 p (in Korean
with English abstract).

Lee, T.-H., Yi, K., Cheong, C.-S., Jeong, Y.-J., Kim, N. and Kim,
M.-J., 2014, SHRIMP U-Pb zircon geochronology and geo-
chemistry of drill cores from the Pohang Basin. Journal of the
Petrological Society of Korea, 23, 167-185, https://doi.org/10.
7854/JPSK.2014.23.3.167 (in Korean with English abstract).

Lee, Y., Cho, M. and Kim, J., 2023b, Fluid-fluxed partial melting
of the Buncheon granitic gneiss in the Yeongnam Massif, Korea:
Protracted (ca. 1.86-1.84 Ga) reworking of the Paleoproterozoic
Korean Arc. Lithos, 456-457, 107308.

Lee, Y.-N. and Jacobs, L.L., 2010, The platacanthomyine rodent

0x
rio

x
0Kt
jus
o

Neocometes from the Miocene of South Korea and its paleo-
biogeographical implications. Acta Palaeontologica Polonica,
55, 581-586, https://doi.org/10.4202/app.2010.0013.

Lim, B., Kim, M.-C., Ha, S., Kim, K.H. and Son, M., 2025, Geometry
and Extension Mode of the Bukpyeong Basin, Donghae-
Samcheok Area, Gangwon-do, South Korea. Korean Journal
of Mineralogy and Petrology, 38, 55-75, https://doi.org/10.
22807/KJMP.2025.38.1.55 (in Korean with English abstract).

Lim, S.B. and Choi, Y.J., 1982, Geology and lignite resources of
Bukpyeong area, Gangweondo, Korea. Korean Institute of Energy
and Resources Bulletin, 35, 1-38 (in Korean with English ab-
stract)

Liu, K., Zhang, J., Xiao, W., Wilde, S. and Alexandrov, 1., 2020,
Areview of magmatism and deformation history along the NE
Asian margin from ca. 95 to 30 Ma: Transition from the Izanagi
to Pacific plate subduction in the early Cenozoic. Earth-Science
Reviews, 209, 103317, https://doi.org/10.1016/j.earscirev.2020.
103317.

Ludwig, K.R., 2008, User’s Manual for Isoplot 3.6: A Geochrono-
logical Toolkit for Microsoft Excel. Berkeley Geochronology
Center Special Publication, Berkeley.

Maruyama, S., Isozaki, Y., Kimura, G. and Terabayashi, M., 1997,
Paleogeographic maps of the Japanese Islands: plate tectonic
synthesis from 750 Ma to the present. Island Arc, 6, 121-142,
https://doi.org/10.1111/j.1440-1738.1997.tb00043 x.

Nanayama, F., Tajika, J., Yamasaki, T., Kurita, H., Iwano, H.,
Danhara, T. and Hirata, T., 2021, The emplacement of in situ
greenstones in the northern Hidaka Belt: The tectonic relation-
ship between subduction of the Izanagi-Pacific ridge and
Hidaka magmatic activity. Island Arc, 30, 12403, https://do-
i.org/10.1111/iar.12403.

Nanayama, F., Yamasaki, T., Kanamatsu, T., Iwano, H., Danhara,
T. and Hirata, T., 2022, Origin and evolution of the Paleo-Kuril
arc inferred from detrital zircon U-Pb chronology in eastern
Hokkaido, NE Asia. Island Arc, 31, e12458, https://doi.org/
10.1111/iar.12458.

Park, J. and Jang, Y.-D., 2023, A preliminary study on the genesis
of high-silica granite by incomplete separation of felsic cumu-
late-melt: leucocratic granites along the eastern contacts of the
Middle Yangsan Fault, South Korea. Journal of the Geological
Society of Korea, 59, 585-613, https://doi.org/10.14770/jgsk.
2023.039 (in Korean with English abstract).

Park, K.H., 2012, Cyclic Igneous Activities During the Late
Paleozoic to Early Cenozoic Period Over the Korean Peninsula.
Journal of the Petrological Society of Korea, 21, 193-202 (in
Korean with English abstract).

Park, S. and Hong, T.-K., 2024, Continent-side uplifted mantle and
geological imprints along a paleo rift in the western East Sea
(Sea of Japan). Journal of Geophysical Research: Solid Earth,
129, €2024JB029049, https://doi.org/10.1029/2024JB029049.

Seton, M., Flament, N., Whittaker, J., Muller, R.D., Gurnis, M.,
and Bower, D.J., 2015, Ridge subduction sparked reorganiza-
tion of the Pacific plate-mantle system 60-50 million years ago.
Geophysical Research Letters, 42, 1732-1740, https://doi.org/
10.1002/2015GL063057.

Shin, S.-C., 2012, Cooling and thermal histories of Cretaceous-



Ay
=

rio

Paleogene granites from different fault-bounded blocks, SE
Korean Peninsula: Fission-track thermochronological evidences.
Journal of the Petrological Society of Korea, 21, 335-365 (in
Korean with English abstract).

Shin, S.-C., 2013, Revised fission-track ages and chronostratig-
raphies of the Miocene basin-fill volcanics and basements, SE
Korea. Journal of the Petrological Society of Korea, 22, 83-115
(in Korean with English abstract).

Son, M., Song, C.W., Kim, M.-C., Cheon, Y., Cho, H. and Sohn,
Y.K., 2015, Miocene tectonic evolution of the basins and fault
systems, SE Korea: dextral, simple shear during the East Sea
(Sea of Japan) opening. Journal of the Geological Society, 172,
664-680, https://doi.org/10.1144/jgs2014-079.

Stacey, J.S. and Kramers, J.D., 1975, Approximation of terrestrial
lead isotope evolution by a 2-stage model. Earth and Planetary
Science Letters, 26, 207-221.

Thorkelson, D.J., 1996, Subduction of diverging plates and the
principles of slab window formation. Tectonophysics, 255,
47-63.

Whitehouse, M.J., Claesson, S., Sunde, T. and Vestin, J., 1997, Ion
microprobe U-Pb zircon geochronology and correlation of
Archean gneisses from the Lewisian Complex of Gruinard Bay,
northwestern Scotland. Geochimica et Cosmochimica Acta,
61,4429-4438, https://doi.org/10.1016/S0016-7037(97)0025
1-2.

Won, C.K., Lee, M.W., Noh, J.H. and Lee, H.K., 1994, Cretaceous
volcanic activity in Tongri Basin. Journal of the Geological
Society of Korea, 30, 542-562 (in Korean with English ab-
stract).

T SEET A0 FH P4 LHAE H2M(50-48 Ma) HHZ AMH: HAEXEH D&t 303

Wu, J., Wu, T.-J. and Yamaoka, K., 2024, Linking Pacific plate mo-
tions to metamorphism and magmatism in Japan during
Cretaceous to Paleogene times. Elements, 20, 103-109, https://
doi.org/10.2138/gselements.20.2.103.

Wu, J.T.-J. and Wu, J., 2019, Izanagi-Pacific ridge subduction re-
vealed by a 56 to 46 Ma magmatic gap along the northeast Asian
margin. Geology, 47, 953-957, https://doi.org/10.1130/G467
78.1.

Yamaoka, K., Morohoshi, T., Sato, D. and Mikuni, K., 2025,
Ignimbrite flare-up in Late Cretaceous-Paleocene Japan em-
powered by hot mantle inflow. Progress in Earth and Planetary
Science, 12, 75, https://doi.org/10.1186/s40645-025-00755-x.

Yamaoka, K. and Wallis, S.R., 2023, Clockwise rotation of SW
Japan and timing of Izanagi-Pacific ridge subduction revealed
by arc migration. Progress in Earth and Planetary Science, 10,
62, https://doi.org/10.1186/s40645-023-00594-8.

Yoon, S.H. and Chough, S.K., 1995, Regional strike slip in the east-
ern continental margin of Korea and its tectonic implications
for the evolution of Ulleung Basin, East Sea (Sea of Japan).
Geological Society of America Bulletin, 107, 83-97.

Yun, S. and Silberman, M.L., 1979, K-Ar geochronology of igne-
ous rocks in the Yeonhwa-Ulchin zinc-lead district and south-
ern margin of the Taebaegsan basin, Korea. Journal of the
Geological Society of Korea, 15, 89-100.

Zhang, Y.B., Wan, B., Zhai, M.-G., Wang, T., Zhang, X.-H., Li, Q.-L.,
Peng, P. and Hou, Q.-L., 2022, Late Cretaceous-early Paleogene
magmatism in the Gyeongsang basin, southeast Korea and its
implications for middle Paleogene climate change. Journal of
Asian Earth Sciences, 237, 105346.



	Eocene (50-48 Ma) zircon ages recorded in a Bukpyeong Basin conglomerate and its surrounding igneous rocks: A plate tectonic perspective
	요약
	ABSTRACT
	1. 서론
	2. 지질 개요
	3. 암석 기재
	4. 저어콘 U-Pb 연대
	5. 토의
	6. 결론
	REFERENCES


