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89 e Fro)= Al47] S2 X P2A AR 7} o2 2| Fof cheket R R e glow, WA 2 km’ o]k tiE A=
347] Aol Bx3tar ik Ihe et 22 FE 58 715 Ao AR E AZ T4 HFol et B Thot A2
Qs F2 uhaigtct. FHE JiolA] OSL dd) E7o] o] o1 387 AR A% A3}, Al47] T AR Q] F8 g4 717
2 28~32 ka (MIS 3 31b), 42~48 ka (MIS 3 2H}), 66~74 ka (MIS 4 21}, 86~91 ka (MIS 5b), 110~117 ka (MIS 5d)o|o, thHl
= g4 Al7]E 28, 48, 70, 90, 114 ka2 YERGTE o] A7) AR AMES 7] 3H37] 0l sgaict. AR 2) ohile g4 A7)
£20~24 ka2] 3715 7FA A, FotAlot A F B 7= o] #ist 7)1 23 ka9t AR|3tth EFF o] A7) FotAlol 4 B AT
9] Z71 Al7|9be A2 ATt wEkA Al47] o ghbe gEe] AAR] G4 A7) e B S A S EE = ol
Fotr|of ol & Eo] ' Zrket 702 BRo] e Ao R "

FRO: UK, oM, SO0t IE =&, M|47| &, 7|2 tHE

ABSTRACT: The alluvial fans, Quaternary fluvial landforms, are formed on various scales in the southern Korean Peninsula, and large alluvial
fans with an area of more than 2 km?® are distributed at 34 sites. The alluvial fans in mid-latitude moist climate areas, such as the southern
Korean Peninsula, are mainly caused by flash floods and landslides caused by heavy rains and typhoons. As a result of analyzing the formation
period of the 38 sites where OSL (optically stimulated luminescence) age dating was performed in the southern Korean Peninsula, the main
periods of the alluvial fan formation appeared in 28~32 (late MIS (marine oxygen isotope stage) 3), 42~48 (early MIS 3), 66~74 (early MIS
4), 86~91 (MIS 5b), and 110~117 (MIS 5d), and the peak ages were 28, 48, 70, 90, and 114 ka. This period generally corresponds to the period
of cool and temperature drop. The time ineterval of the peak age of the alluvial fan formation has a 20~24 ka, which coinsides with the fluctuation
cycle of East Asia summer monsoon of 23 ka. In addition, peak ages generally coincide with the period of increase in the intensity of the
East Asian summer monsoon. Therefore, it is estimated that the late Quaternary formation period of the alluvial fans in the southern Korean
Peninsula is closely related to the increase in the intensity of the East Asian summer monsoon, which can cause strong flash floods and landslides.

Key words: alluvial fan, Korean Peninsula, East Asian summer monsoon, late Quaternary, climate fluctuation

Copyright © The Geological Society of Korea 2025


https://crossmark.crossref.org/dialog/?doi=10.14770/jgsk.2025.022&domain=https://jgsk.or.kr/&uri_scheme=http:&cm_version=v1.5

272 0

(T
1]

1TLME

1.1, 917 W U =X

A @lluvial fan)s 27} ABHEE 447 2] E-& 5}
ol 2 WEL A4RE W BAE Bt o
ol 447} $3F FAZ Qo) 7 EE 4K o] Aol
HE-Z Zolx A X3 2 Z(Hooke, 1967; Summerfield,
1991; Stock et al., 2008; Huggett, 2011; Ritter et al., 2011;
Lee and Cho, 2013; Lee, 2025), 3}, sfiot— 53
A HEAQ A47] A AP 5 sholth AdAl= o
& 715 A A 2N FAE, 7|15 R AF2A 8
Qlof| o3t PR Wof AlFttH o= A% B4 <
AXA "t Harvey et al., 1999a, 1999b; Owen et al., 2014;
Cesta and Ward, 2016). AAR]= 27 H3lo| o9 917+
ste, X9 7%, 7, A, A% 5 o2 Ad 24 F
Q35 AR E AFStchHarvey et al., 1999a, 1999b; Sohn
et al., 2007; Lu et al., 2010; Ritter et al., 2011; Kober et
al., 2013; Owen et al., 2014; Sarikaya et al., 2015; Cesta
and Ward, 2016; Mather et al., 2017; Viveen et al., 2024).
AVFA7L BAE ol ol Al7to] Zafst, AR A|EH W
FollA 5P 9 s1zF 9 uj & 2k-g-o] HhEE o] 9 Z|FHo]
AL, ANSE wet Ald 249 sietat7t F4
HA AR di(fan terrace) 2 H3I3ITHHsieh and Chyi,
2010; He et al., 2017, Li et al., 2018; McClain et al., 2021,
Lee et al., 2023b).

AA3A19] B A a5 G/dF(debris flow)u 32/ (sheet
flow) Sl 23t APH 229 o] F oA 7|5, ¥& 2§
2 3P0l F2 32 Hloju f9 o]Fo] A=A
WA shEo] S7H FE R 5o A Qs S45H
AYSHCHRitter et al., 2011). A3 A= B&E 3w A=
71202, Rl oFt A€} 8F F(stream flow)o]]
o5t AAIR 2 FEE tHRitter et al., 2011; Mather et al.,
2017). R AR = 5P 79 WA o] ZhaL FAt &
gk ot Al ElFEo] TR oA HEAYU = &
ol oJsf| F= AR, 5P 7 AFA(FA A A=
P o H2lo] £ 58 715 A FoflA Z Id3th(Ritter
etal., 2011).

KA1 F4 A7l 715 240 wet =4 AAH
I e, A " APz 7)$ 2|99 A9, 4ot Jsrt
TRt el A Aol A= F2 583 W7ol 5
Z-g-o] WFAIE}H (Cesta and Ward, 2016; Terrizzano et al.,
2017; Bartz et al., 2020; Peri et al., 2022; Viveen et al.,
2024), A= GARA = T2 F&7]04 27|29 A
3+719|(Sohn ef al., 2007; Fenton and Pelletier, 2013; Owen
et al., 2014), 231 F= Ao W] 77| =

\J

o] Ag7] B W7o 2 FZ Z-go] LA AA|
a2 JtHLu et al., 2010; He et al., 2017; Li et al., 2018;
Yu et al., 2019; An et al., 2021; Hu et al., 2021). 18}
9 S5, UT, g2, = B5 5 e} o] #4-9]
= W= TUE 58 7% A9 A1ES AdA %}
KA Y Y AZIE - d 7|9 dg 2 A=
71l W A SR A8 5 BAHE FFEl
Z7Fk= A7) 2 AAIBHAL 1th(Hsieh ef al., 2011, 2014;
Kar et al., 2014; Sewell et al., 2015; Dey et al., 2016; Hu
et al., 2021; Imsong et al., 2023). ©|&3t A AJLE =
A, I f o] E40) FFFS e S8 7F A9
oA A7t BE7] fsiA= AFASY] Hif & AbAbe] €}
shH o) A {5 ST SAlO A 5 e 27|
Zastl, ol HASZU HiEol gt 1 @ 7719 =
9 Z7h sk ARl sidRtthal & 4 UthLee et
al., 2023a).

e FHol= A= WA o] F2 At AGA7L
of2] 3ol Wreretm(Yoon ef al., 2005), ThEE AARA]
T2 = Ueldth(Lee ef al., 2023b). B2 g A+
7h kA FotE 1980 Ath7HA] ghebE o] e A4
A= A4 A Y HHYHE(pediment) = A AF O, 1980
At FRERE Al47] F2 APl gt A7 S|
Al O] H7HA] HHYHE R 7HEE tho] g o] A4JA|
U G2 QA5 7] AASFETH Yoon ef al., 2005). 1811
A47] 4 AF9 ddf A 4ol szl 2000
O|F R e Fi9| 7 X Hof Tt 54 AAA
o] B4 A71E AXlskL B4 S FEshe A7 A
A} F7FskaL ek ey b= JE AAE A2 of
g ARG A A71E St AAIRE dts AR
A W7E 127 A E #AI7E Lee (2022b) 9] =2 #o|
th & At bE ERO| of 2] X Hof Wt 387 A
AAE ez AR AgH At AdE FFste,
M RO X AT A47] 2ol 7|$ HE e FAch A
A Y F2 FA APIE EAskL AR 349 714
I A S FE5kA} gk
1.2, ¢171 HpEH

T oHd

2 AFollA e ke o] Eazsh= 387 A H
ZZ9] OSL (Optically Stimulated Luminescence) At
AE Ed = A9 4 AI71E 245k 3871 A
3 5 337M= A3 Aol A OSL Ao A7t AAE o]
o, 570 A2 2 A= T3l AT 2=AR}FOSL Hf| Al
7 SAE AT WA, e o) Wt AR o] B
54L gska {3 FE8H] fI5ke], 10 m sd=9
DEMT} QIEHl ZEALO|E A& 55 Ef= e 7
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AYe] AR NS BEsta FeE EJS B8
ot 283 WA 2 km® o]4be] WA 7HA tiE AR 9
BEE EIs17] fIste], DEME o]-g-5ko] AR X FH
2 TA3}a1, ESRIQ] ArcGIS 10.82 o]&3o] AAFX|Q]
AAS S5

AVIA9] AP B4 At S $161ed, DEM, 1:5,000
AR, 1:50,000 A AL, QJIEYl ZHAR|E A= 55
Bsto], AgY Atella] ZAMER] BE AFA] FollA e &
AS 57 EAT AR ditE e RS FES 5, oF
Q] ARE B3l AUA EHF =R EA o FE gelst
Aot AR EHF =7 EAEH 57 AR X oflA
£ OSL 4t 54 A=E 48t EH39 349 4
= EAS T8I 2 M, Sokkia®] GNSS (Global Network
Satellite System) 5=417] GRX1& o]&3f] XA} A&
270 AW TES ZYshect. OSL At 24 AlRe =
2 B A43E o] AA E-F =F WA= 4

BHoz wee ol B FolA FHUE AU 4
Wsksich. S A4 E2152) OSL Ak £3(90-250
um) 419 RS O, ) 2aet AT AT B
SR AR AT Ao A Z1ZF Risg TL/OSL (DA-20)o.2 =

1 X1 Jhz

A AFQ YR fRIRE e ERe e a
I e g ] AR fFEtAloRRY] FE 7RI o YA
ATHIH 1). e Fi= AgEE|opA tiFE AAd)
off o]27|7kA] B Aldiell /3 ot Y Rl &
35k Yok 1:250,000 XA AEE EZ GIS Z271
HZ o] Fsto] AT 2}, k= FRollA 3 HE o]
7P W2 2 A FEh1eh wetrof iR A
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Fig. 1. Study area: 38 sites of alluvial fans in the southern Korean Peninsula.
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Table 1. Location, elevation, and age date of 38 sites of alluvial fans in the southern Korean Peninsula.

Sample

Latitude

Longitude

Elevation

Age

No. name Fan name ©) ©) Fan type* (m) (ka) Source

1 GS6 Goseong Cheonjin 38.2301  128.5086 AFT 120.9 66 + 4 Lee, 2023

2 YGIl  Yanggu 38.1196  127.9778 DFT 203.0 32+6 Lee, 2022b

3 SY1 Inje Deoksan 38.0798  128.1874 FFT 207.3 362 Lee, 2018

4 PC12 Pocheon Jangam 38.0339  127.3736 AFT 164.0 44 +4 this study

5 CC4 Chuncheon Seosang 37.9304 127.7018 FFT 87.2 88 + 11 Lee, 2022b

6 CC6 Chuncheon Sindong 37.8156  127.7131 DFT 113.9 51+3 Lee, 2022b

7 DH2 Donghae Bukpyeong  37.4741  129.1158 AFT 15.5 57+3 Lee, 2023

8 Cl3 Chungju Juchi 37.1605  127.8676 DFT 128.9 48 + 5 this study

9 YJ1 Yeongju Punggi 36.8751  128.5409 AFT 230.3 87+8 Lee and Park, 2021
10 YJ2 Yeongju Punggi 36.8725  128.5414 AFT 218.5 28+6 Lee, 2022b

11 SJ1 Sangju Naeseo 36.4072  128.0825 FFT 91.9 86+ 16  Lee and Park, 2021
12 BR6 Boryeong Cheongra 36.3881 126.6681 FFT 72.1  82.1+5.9 this study

13 SC1-2  Seocheon Seondo 36.1356  126.5984 DFT 16.6 99+ 11 Lee and Park, 2019
14 DJ2-1  Seocheon Dangjeong  36.0981  126.6464 AFT 174  78.8+9.6 Shin et al., 2020

15 GW2 Gunwi Daeyul 36.0592  128.6580 DFT 226.4 42 +4 this study

16 MJ5 Muju Anseong 35.8693  127.6638 AFT 428.4 47+7 Lee and Park, 2021
17 GC6 Geochang Wicheon 35.7436  127.8344 AF 291.8 30+3 Lee, 2022b

18  GCI12  Geochang Gajo 35.7036  128.0185 AF 273.5 74+13  Lee and Park, 2021
19 YG3 Dalseong Yuga 35.6875  128.4700 AFT 86.5 110£6  Lee and Cho, 2013
20 GCl11  Geochang 35.6743  127.9332 AFT 197.9 28+4 Lee and Park, 2021
21 GC7 Geochang 35.6723  127.9353 AFT 200.1 53+4 Lee, 2022b

22 JS11 Jangsu 35.6354  127.5147 AFT 432.0 2743 Lee, 2022b

23 Us7 Ulju Bangok 35.6004  129.1474 AFT 96.8 117+7  Leeetal.,2023a
24  USI11 Ulju Geo 35.5984  129.0734 FFT 1683 114+11 Leeetal., 2023a
25 US12  Ulju Sangcheon 35.5394  129.1128 AF 102.2 114+8 Leeetal., 2023a
26  US13  UljulJoil 35.5060  129.0998 AFT 132.4 155+9  Leeetal.,2023a
27  NW2  Namwon Unbong 35.4354  127.5378 AFT 477.4 48+ 6 Lee and Park, 2022
28 NWI1 Namwon Daesan 35.4341 127.3264 FFT 107.1 36+4 Lee and Park, 2022
29 DY6 Damyang Daejeon 35.2738  126.8759 AFT 60.4 91+4 Lee et al., 2023b
30 GR22  Gurye Masan 35.2247  127.4688 AF 43.0 70£10  Lee and Park, 2022
31 HD2 Hadong Akyang 35.1634  127.7146 DFT 59.3 45+ 8 Lee and Park, 2022
32 GS43 Goseong Gamseo 35.0151  128.3906 AF 6.2 142+ 12  this study

33 17DR-1 Sacheon 34.9897  128.0458 AF 11.6 42.5+5.9 Shin and Hong, 2018
34 GS11 Goseong Songcheon 349172 128.1987 FFT 8.1 77+ 4 Lee and Park, 2019
35 GJ12 Geoje Dapo 34.7140  128.6267 DFT 12.5 151+ 10 Lee, 2022a

36 JHI-2  Jangheung 34.6889  126.9170 AFT 424 89.6+6.5 Leeetal,h2023b
37 GJ1 Gangjin Chilryang 34.5858  126.7939 DFT 10.9 71+4 Lee and Park, 2019
38 GH2 Goheung Ocheon 34.4324  127.2092 AF 15.5 71+5 Lee and Park, 2019

* AF: alluvial fan, AFT: alluvial fan terrace, FFT: tributary junction fluvial fan terrace, DFT: debris flow fan terrace.
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712191 6ol A 9B7HR| 9 e A Y & 235
A8, 73427t A5 F ol 5 E o] WAYFTH Lee, 2024).
AL AF AAFA = kT FEL o] B9 34.4°~38.3° 1Y
ol Exst= thekzt 2719k FHE 7H 387 AR o]
thad 1; ¥ 1). 0] F 337 AR = A A= E3) 4
o] A7} AAE olH, & A-tollA= 32H Aeh4: PC12),
Z2= 22)(8: C12), B3 HeK(12: BR6), 2] the(15: GW2),
e 4 7HA1(32: GS43) 9] 57R AR ofl et A1 F |
A3 431 OSL At Aol S0 AA|E ATt 3870 A4
A F 227= e R Y] §7] HO0 2 A|A| == =it
Q7N ARAH(147]) Q] =2 AR eF e skt
Ao AR5, 67l= Fd HET FA GF FH A
ofl, 77l it A AFR|QF = Ao, U R] 37]= A13)
QFo} W2 ARR|of At shtat £R| o iR gheh A oA
2l 3871 AAFA] FollA WA 2 km® o]AFe] HiF AAIAE=
A HRL B ML AR A, AR kR, &5 A

o vhak A, BE 0.2 % 8ol e,
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el AR A A4 M E el
P 5ol S7FstaL AbAtel7E &gt Al7]of 34
H Ao 2 A= Qrh(Lee, 2022b; Lee et al., 2023a).
RAR) B4 1%, AR E | ol sl ST 2y
FAlo]| oJ&) 74 =(dissection valley)o] FAE AL, 714
ToMe ahdo] ojg BB vt ojzt Fgo] whae)
HA Ao o]23 It 2™ 2; Lee and Cho, 2013; Lee,
2022b; Lee et al., 2023a, 2023b). 1 A1}, AAMR] X &H
o oz sieg nel We £7 7] 2L o|=w, 3
@ AdollA= 2~39] sieiLo] FEE WA Hrtk wet
A, e FR Y AR = thRE AR S5 o]
Qlom(Lee et al., 2023a, 2023b), LE I} 7] AAFR] o
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§ o
1

wol

O

H|3] WA o] Z& Ho|tKYoon et al., 2005). ZTZ AT, X
g B4 A3, 3HEE ol 2 km’ oJAke] WAL Zh=
i AdA7E S 3470 Bl of, AA| A cfu] AR 9
o] 45| o2t Holch( 19 3). 3471 tiE AA 5
| uRRHEIAAD, AFE 5 207 RAYES o]F = AY
ARl 3 AR 9 FHE WL glow, B M, 3
g & UHA 1470 AR = AR g2 Yehtar
At

A 279 SHO A B, HE O] 347 o A
AA = 37 R RS = Utk A AR §3-2 A
2|9] FL& 5ol HlwA Y2 M4 BA| Y EXAR &
2 asPdo] Itof EHES Bob FAT ARREA,
A&, AH, He, 24 A7 olof sfiggict. = WA &
2 Tl FYCI2AD, T vRiL AR, AP AR 5

W HEdol HEet ER 5hS 8l B2 AR sk
o] Zeo] wret AAkAloITk Al WA 3L MR T3
T e PHoz s A5t da FHE Ao
2, 2 2510] BT ATeH A4 e R ool &
5 XA A (confluent fan)E o] F= AL7l won, oFAF ¢
S A ©ESol HETt B, o, A, A A

7} Aol ct.

3. 431 &
3.1. ¢
Mather et al. (2017) AGAE Al-331t =0l wzh
1) Zo] 10 m ©|5}2] ZHAQl &t FAF ZH(debris
flow lobe), 2) 10~100 me] & SR 94 3(debris cone),
3) 10~1,000 m8] X2 2= 544 AAFR|(fluvial fan), 4)
1,000 m ©o]Are] 2 AArA|(alluvial fan)=2 &3} T}
ojget AR F3 ol ARjbste], & dAtolA= A4
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Fig. 2. Schematic diagram of fan terrace formation by time (Lee et al., 2023b).
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A|o] A& 273} - &of whet A thakel 387 RIS
1) A2 H2o] 1 km® o0 2 Yo RAFo| F2] A4}
A (alluvial fan, AF), 2) | &g Ho] G13le F11 7] FE| 9
XAFA] T E(alluvial fan terrace, AFT), 3) 25 shdof g
Rk A7 A7 sPHo] Y B TA9] Zwlo] B4
3t 71 HAM) Fele) 514 AARR] T (tributary junction flu-
vial fan terrace, FFT), 4) B2 48 m* Y &]&2 Fr27} 22
A E AHAFR] DE(debris flow fan terrace, DFT)2] 47
LR FESIATHE 1). 387l AV 5 52 AVSAI(AF)
L g opAK30: GR22; 18 3b), AHA(33: 17DR-1; 12

3c), 2148 7HA|(32: GS43) T 77 ARl ol L, AR T+
(AFT)= 24 HA(1: GS6), TH AeH4: PC12) 52 =
A3t 1671 KFA7F ol sigRttt. sH AR THFFT)
+ ¥ A2(12: BR2)E 2313 77 AAgA|olw, oPdF A
AR TEHDFT)= 22 22|(8: CJ13), 79 th&(15: GW2)
< ZFE 871 AR ot

3.2. 50 MATIQ X1t ALY
387]9] A+ thit AR FollAl 24 et (4: PCI12), 5
Z Z3(8: CJ3), B8 AzK12: BR6), 2] tl&(12: GW2),
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Fig. 3. Major alluvial fans in the southern Korean Peninsula. (a) Distribution of large (area > 2 km?) alluvial fans. (b) Photo of

Gurye Masan (Hwaeomsa) fan. (c) Photo of Sacheon fan.
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33 JITtHOE 4). 35 =F PCI12+= E9] 38°02'02",
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Fig. 4. Geomorphological map of alluvial fans and photographs of age dating points and outcrops at Pocheon Jangam fan (PC12)

and Chungju Juchi fan (CJ2) sites surveyed in this study.
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Table 2. Result for OSL age dating of 5 sites measured in this study.

Sample Dose Rate (Gy/ka) Water Content (%) Equivalent Dose (Gy)  OSL Age (ka, 10SE)
PC12 5.19+£0.14 14.2 227+ 19 44 +4
CJ3 4.16+0.12 12.4 200 +22 48+5
BR6 4.65+0.33 11.0 382 +4 82+6
GW2 4.80+0.14 8.8 201 £ 16 42+4
GS43 3.40 £ 0.09 28.9 484 + 38 142 +12
BT 110 m2 Stk B83 FYId SR PCI2  F3 glon], 525 559 mekFeld OSL A ARE

O] OSL dth= 44 + 4 ka2 ZA=|o)(R 2), A HF |
719] 24191 MIS (marine oxygen isotope stage) 30 AAF
A w7 Aol AT AL e,

3 FA AR C13)= 55 541 284E 2]
of Y1AI5kH, SAH FA L} H3t 4bFol Fa 4A A F
AR e 20] et It 4b). 2oh i ek
ofioll A ZRlE BT k=t CI39] YR= E9 37°09'38",
&7 127°52'03"E°|t}. =°] 10 moj| 7I7hE ToflE ol&
1 E0] AR A ofzh-ol el YnhES 717 A7
2jo] Z3h a4 A2 we3ol 3 m olike] FA= o
Q). 1 w2 9je] AAbA] BRe] SR 1206
m, BES] SR T 7.7 moleh, OSL 2t 20| o]
o)A XA o] HE T EL 128.9 mo| 1, OSL Athi= 48 + 5
ka2 @ofA(3 2), A= A 2F 719 FHEI MIS
3o FA= U

S A Fehd gy dofol Tt 2y gk A
ZZA(12: BRO)= 2B Ho| 27 Ao dFdhe =
Aol A7 sHd AR oIt ™ Sa). AR &
T 2me] B2 HRE gHA S YO Fo] 20
mof| @h= TS o] R glow, Thoflo] ZFRlA] A
Z =5 BR67F HAERIE £ 36°23'17", 57 126°40'05"
of 2§ l=F BR6-Z ofg~H(rounded) 9] FApL~AE
o] 2UstA HYUA U 4 m o] FA 9| sH e =}

Fog o)1 STt 1% MR A A B 28] o
T 741 mo|1l | I1E 12.4 mo]9, OSL |
Ao s L 72.1 molth. OSL AT 82 + 6
ka2 HolA(F 2), A 2= 71 7] 2l MIS 59| AAR|7}F
Fxe Ao e,

=+ & AR (12: GW2)= ti+F 292 FAE de
2loll §1213}0, SISt AbAIe] WAL 2| Tl ok
< 3ol EHUd e 939 552 weh UEdt S
71 235k PR A TS 0|23 e Sb). A
AP B 203} ot e siRbol A 21T B3
= GW2+= 591 36°03'33", 57 128°3929"9 $J=|3lt}. &
A5 =5 GW2 ot 3318 7|9kt flofl 77 2 m W<

of ofz-o}ele] Az A S e ALY BHFL o]

m\l

I
o Rl o

sk GW27F §X|gE AR @t 21| S
L 235.8 mo|u, 34| = 9.6 mo] I, OSL At =3 2|
Ao A== 226.4 mo|th OSL A=42 + 4 kaZ A
(3£ 2), MIS 30f| A4A|7F A AL 2 eyt

A 1T AR A g Aol dEgt g A A
AFA](32: GS43)= Q] AbEof &7 B3 =3t FH
£ °|& 4 AAOITHH 5c). AR AFHE
Hoh %7t =31 Jf o] Alste] QefE AR 2He 2
HEjo, E2)% 1T G438 291 35°00'54", 57 128°2326"
9] 22+ =2 of et ko] dofj oA AR Gl =
GS43-2 F3p7} Ads] X3 E 7|9kehe] Aol eF 3 m F+
AZ olE B9 M EHFTOE, EHF o= ofd9
ZEAH (pebble)o] Z3HE Hefd pdFo] A= AEAE
o] s 9lom, OSL A5 A HefjFolA
Aot = vEE AR AR A sidale= 111
mo| 3L, AAJAHE sHdH| 2= 10.1 mo]™, OSL |t &
A A- 9 g EE 6.2 mo|ck. OSL g 142 + 12
kaZA(3E 2), AAD W7]0 MIS 60f] A32)7F 4 A
© & et} GS439] OSL A= thE Al&E9 gt
¢ =& =7} aHEquivalent dose)Ztat Aoz
A7HEH(Dose Rate)3he Z+=tt. o|st SopAleF 3t
A eF 3£SK(signal saturation)ol] 77| W&ol &4 715
g HFe 2 A AR = 9HH, B2 AAF g2 =2
E3H Water Content)of] G Wh2 A0 & AZHHT &
A o2 sjMg off AE Ad ik X4 Ao (Minimum
Age)Z 3|4 HTh

KX
T
KX
T

4 EE

b= 3870 A
78412 B A7) 27 kaollA] 155 ka7 2 UERHTHE 2).
T} R RO A At AAARA] E|25e] A A
7t EEAIR E4E A7 A0E Yvke A2 18T mj(Park
et al., 2011; Lee, 2022b), SHt= HEo A AArx] <] 713+
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a. 12: BR6 (Boryeong Cheongra)

b —70[m)
WUip}yeong—ri
@/,7 4
Se)

[ fan 1 (younger) g
Dfan2 (olden) I8

b. 15: GW2 (Gunwi Daeyul)

[ fan 1 (younger)
[ fan2 olden) =2

Fig. 5. Geomorphological map of alluvial fans and photographs of age dating points and outcrops at Boryeong Cheongra fan (BR6),
Gunwi Daeyul fan (GW2), and Goseong Gamseo fan (GS43) sites surveyed in this study.
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Fig. 6. Comparison of formation ages of fans in the southern Korean Peninsula with climate change data. (a) Formation ages and
error ranges of alluvial fans in the southern Korean Peninsula. The gray part represents the formation period of the alluvial fans.
The darker the gray, the more alluvial fans were formed. The gray lines are the formation ages of the alluvial fans (the darker
the color, the greater the number of fans), and the purple lines are the formation ages of the large size alluvial fans. (b) Number
of the alluvial fans (green line) and 2 best matching curves: the gray line is 23+100 ka cycle and the black line is 41+100 ka cycle.
(c) Ice volume and insolation proxies: marine benthic §'%0 stack (sky blue). The gray areas are the main formation period, and
the black thick lines are the peak age in ¢ and d. (d) Changes in precession (blue) (Cheng et al., 2016) and Northern Hemisphere

July insolation (red) (Zhisheng et al., 2015).
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Table 3. Main formation periods and formation areas of alluvial fans in the southern Korean Peninsula.

Main Forr(rll;t)lon Period Pezzial)\ge Age(Ililg)erval MIS Major Location
28~32 28 - late 3 whole region
42~48 48 20 middle 3  whole region
66~74 70 22 early 4  southern coast area, northern part of the east coast
86~91 90 20 Sb whole region
110~117 114 24 5d southeastern area

webA] ol A Bk WielA AHe] FAel £2]
3 715 27o] WS ek A7) 2 B 4 ik g,
wEo] 2 km? o4l 87 T AARKIe] B4 dni 30,
42.5,47, 66,70, 74, 89.6, 114 kaZ JER}LA, o] A|7]of=
WHo] Yo g AR Yol FHsotEs charel o
A3} 52 Bo) =g uet FEEo] B 4 Yk W 7
Y3 WFT9 AP Q5 Aol BARE Ao
ZA gt} 223 270 oA XA AARAIZL B A A
o o A7 AR Airh A2 S A7) 30,
42,48,70,90, 115 ka FH o2 AT 4= JtH1H 6a2]
web J2A). o] A7) AR BAY HEe} S u
5 QS 7|5 222 71 A7) 2, Sk dolq A
A Al felRt 71T 28 g e YFE90 )
F 5ol ofst B Fo} A wAskEE A7) 2 2
4 gie.

3870 A1ARR| o T OSL Ahe] @3} 9] 717he mE
gl HAA WA A7|2 AT A9, A7) T A
X B4 A1719) Wlmis T 6b0] At 2k A4 )
£7} Y 2 JeER = oF 28~32, 44~48, 70, 79~80, 87~88,
110, 147~154 kel A4 4ol 7H wgE Row
olm, o] A7l A AIAIRE AARA] BAle] §eiat A7)
of= THAIR AR AREE 7RI B, AR B4
o] 7} EE9 W Al7]=29F 21, 59, 102, 128 kaZ A, o] A|
7ol THikE RO A B9} BE ] ZEot wEst
SFIAIE 50 A Al Belst 75 2o] Uehy
EPEERS EoY

387 AR cnel W, A, A W9l 5 BE
Pated, Sk Yo 0 AAX B4 718 Hes) 2
W 33} 2k A7) B e RN AR 0] Fa
A A7) 28~32, 42~48, 66~74, 86~91, 110~117, 147~
154 ka2 e|=lo], o] A17]7k HAK] WAl Sl 715
242 7Hd Ao 24} o] AVjANE H e
£ Yehf= 28, 48, 70, 90, 114 ka= AAMA] dAlo] 714+
Y H W), AT BAE 5 gk 992
ABE 50 715 o] WEH 02 BASIHE 7|2 B
chEIT). 53], o] Fo) W71 20-24 kao) YT A7 7

AL o] FaL §lojA, 20~24 kat= THREE FH AR B4
o FEIet 7|5 AP 9 HA 71 7HsAd o] =T

3871 Ao A Al7] 1= FA(E 6bo HA44)
of 7Fg F3Fste A FA(fitting curve)S A3 2 4
T}, 23 ka®} 100 ka 715 E33F JA(1H 6b2] 3]AA)
I} 41 ka®} 100 ka 7|15 E33H FA(19 6be] H24
H)o] 7 AR 2AIZ ERART Ak 23, 41, 100 kals
A7e] A R Az} B Y= 7] (orbital cyele) 2
A, 23 kat= A|XEE, 41 ka= A= 7]&7) #3100 ka
+= ZAA= W3}t F7)o|ti(Hays ef al., 1976; Berger, 1977).
o] 37HA] A= F71= A AIAIRE 3870 AR o] Ay =
7191 20~24 ka®l YX|5HAY v Sistod, St o
RO LA B F71= A= 719 AY dA5k= AL
2 BAE 53], SRE=ET} 9IR]3E FotAloh 2 HofA
A= F71= 9848 A 571 Fdske o5 229
7wz} v WS BAS 7HXIT) Sun er al. (2022)
2 SoAotof| A Al47] Fete] o & B WE2 AT A=
H3}, Weke] Stat S4, A7 FAElo] At At
of| &Jaf 23, 41, 100 ka 7] 2 Uepdoial =448t4ch E
3}, Zhisheng et al. (2015) = = & 1Y A F=
2o HA% 14 ATE B2 oo} Bl 23, 41,
100 ka®] =715 7Htkar A A sH5Act

4.2, SHItE JHO| 47| & T2 HE MAT| Y

SHitE Go) dd3l 3871 AAMRIE tiAt o 2 Al47] T
AR Q] 28 A 7|7 28~32, 42~48, 66~74, 86~91,
110~117, 147~154 ka2, 23 FA] A]7]= 28, 48, 70, 90,
114 ka= X4 =K 3). o]& Al7]= Ak 591 A17]
2 B, MIS 3 38k MIS 3 &8k MIS 4 &4k MIS 5b,
MIS 5defl afjggtct. 1|3t Z A7) of FAH AR < 2
X 9x= w5, MIS 3 3HE MIS 3 A4k MIS 5bojl=
St RO A Qof| A A7t A= AT MIS 4 A
dhofl= F2 Jaliet e} St E5 A GollA A
7F FAE AL, MIS 5dofl= F2 e Hg-F XG4
KA 7L P Ao 2 BAE

S Abx FHA P09} Y02 HlEE 3 117|F o)
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2] 21722l 6"°0(1Y 6c)S EU2 3o, A47| T F g
W 5 AR 78 34 X719 7125 AT ETE, MIS
5d%} b= 2 7] WolA = Arfjd ez 7]o] B
= Al7]o]m, MIS 4 4t} 3.2 B7] oAk o=
7|0] 2 Al7]olth TR, 23 g4 A171< 28, 48, 70,
90, 114 kai= 2 YARFS] A2 7]20] Holx|aL gl
< 712 P71l sigeitt. weba Al47] T Fek ke
ol Ae @AET 7] 20] uj-$- BNk A7) 715 H
59 SN 7]20] Wi #AI= bl WA= 92 A7)
o2} 27|04 FHY7| 2 HehE= 7] 7)ol AZdA
72 FAEHU &, ke gRolA A47]) F Fe =
719} 7071 Ao S AdEiollAl vehd 712 s
AR 9 FAol w9 fEIR 20S AlSste 22 35
OF AAHEE I o Qe EE AFEU HIETY 2
= W HEE FAHSH ST AI71=2 S48 & o Stk
I R Aol fAlSHA S AR AT 2
A= W7E FHLE T 7|2 1370 =2 AgAY
Shobto] B3 2hgo] HAERThAL AL YITHLu ef
al.,2010; He et al., 2017; Li et al., 2018; Yu et al., 2019;
Anetal.,2021; Hu et al., 2021). 9= Ax L ¥EAZ 7]
Fof siFoh= T AR A 2 23 SR Rt
Aol 715 A7t 3] thEARL RS Edtste] Al47]
T Fet SotAoF E0) GRS vl ASHA W= X Ho]
2= AollA 7159 fAME S 7HTh E3E FobA o} A<
of| A AR sijtet 22 A7) T4 ABY =5
ofAJo} o F E=0] A= Wket Bho] Ztk(Hsieh er al.,
2014; Sewell et al., 2015; Hu et al., 2021; Lee, 2022b).
I RO A AR B9 FH BiE F7]= Sof
Aloh o 249 Ze W3E fEshs As 7714 23,
41, 100 kao} A YA|gHeh E3F k= G AR 9
2|31 A A]7]¢el 28, 48, 70, 90, 114 ka+= 20~24 ka F7]
2 UELo, o] AR (1 6d2) mhebil) Tt 59 650
O] 7¢ AR LH 6d9] BIHA) 7191 23 ka®te UX]
sk, GHIHE WRo) 71 §90] 2L 53 300 Ahke
(Shanbao) SZ(E%] 31°40°, 57 110°26°, a1 = 1,900
m)2] Ao 4] ol Ao} o] ZE MK B9 65°9] 7
d YAKF A3} F2719F -2 23 kaglal AA[SEaL Yt Wang
et al., 2008; Cheng et al., 2009). watA Al47] & 5L $t
W 70 AR @A F71= SoMlor A F Bl |
E 719 A7 A, = 4L S0 A Ao
A= FoMol B A= F77F PARFY A 7oA
A ZE| = AgFo| gltkal A A3k QT Cheng et al., 2016).
a2l & A oA e ke EE AR 9] 2o 3
A X719 28, 48, 70, 90, 114 ka= AX}-Su} BHkE of
B2 AR F71004 dAl= FA7] F2of st

% 6d). webA, A47] T ke o] AL FotA)
of ol Bso] % W] OfF GFOE F714S W
glom], Mxe] 70 G4 4719 HPS BT o8
AAF HA71o oiF Bae) Fwt FASHEA 82
75 = F71o) wE sl B Foek atee] 7]
AL P54l 2 A0 FHHT,

[«

L

5.2E

HAA|E o] 94Tt 9o b ) 4119 Am
o HAEE Hobx BT TEA A7 FH NF B
shpolch. THLE o} 2L ST 48 71F X|oo) A
AR AFBSU BE] o3t 41 W 719 B8 4
2 Q5] 22 AT B AT T o) AR S
o, A47] 2o} A B4 X719 715 st Abo]
o] S sotstaAy, Bk die] Wt 3870 A4
o] OSL At} g Festol, Tk PRo|A Al47] 2
o] JAHA] B4 N719 3714 S RS AT Akl
3870 AARIE $3 AR T, AR ST 167, SHA
AR G T, ST A BT 872 o] TR
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A7) AR 0] 0 A 7IZHE 28-32 ka (MIS 3 F
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