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2 o

o] A= A4 eI §HE5=E WollA At A Aa(YC-1) A4 2 cm Akag 9 eda
JEE o] &3t A oF 600 Ft 17| WIS gothi 7] gty £ E U Y 7] A7 = o
AD 1400994 A&7} AFHE 20057 0|H, o] 77t Yol A Atis A da AES I ER 243 A} of
145037 o] e k& Ho|thr} 14603 78 F2} R3H=| Qhr) o] % thA] 14 E = A Hol&rt o9
2 A= FAl2W7|(Medieval Warm Period)ol| 4] A®7|(Little Ice Age)E AA dAl2E7|(Current
Warm Period)o]| 0|2+ 7| $#H3LE vtg st Aolet A4 FAl2d7| A &R 2 7HHA o 5259
=7} FtE] o] W 7|23} Zhewkg Ho|HA] AbaE 9 i AEo] BIE YT, 4Xs}7] o] %of Hat 7]
23} ZpEo] Ao B AtaF U R0 1ZE AR sjAHTh 2EF 0", o] Ao A= I =
AAAEY AT da JES o838t LUt Y& & 2ty 717k Ao = PRtk Hell
A S35 ouE AU, 2o daE 22 A U vjEda QR 2R 24 H dIE stHA A A3t

FRO: e, AaT L, 85, AFE, 24|, 1715

Kyung Sik Woo, Kyoung-nam Jo, Sangheon Yi, Dong Yoon Yang, Hong-Chun Li and Hyoseon Ji, 2013,
Paleoclimatic investigation using oxygen isotope compositions of the YC-1 stalagmite, Yeongcheon Cave,
Jeju Island, Korea for the past 600 years. Journal of the Geological Society of Korea. v. 49, no. 3, p. 339-350

ABSTRACT: Trace elements of the stalagmite (YC-1) in Yongcheon Cave (lime-decorated lava tube cave) were
obtained and investigated to delineate paleoclimatic history near the Korean Peninsula for about the past 600 years.
Based on the age dating result of the same stalagmite, the growth period is estimated to be from about 1400 to
2005 AD. High resolution oxygen isotope data show the significant enrichment period which reflects the Little
Ice Age between the Medieval Climate Anomaly and Current Warm Period. Oxygen isotope enrichment from the
Medieval Climate Anomaly to the Little Ice Age reflect the decrease in summer monsoon intensity induced by
colder and drier climate, and the depletion indicates the increase in summer monsoon intensity from the Little Ice
Age to the Current Warm Period. This is the first report showing the full period of the Little Ice Age starting from
ca. AD 1500 from oxygen isotope compositions of the stalagmite and the data also confirm the similar timing of
the Little Ice Age demise based on trace element data previously reported.

Key words: stalagmite, oxygen isotopes, Yongcheon Cave, Jeju Island, Holocene, Paleoclimate
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of Geoscience and Mineral Resources (KIGAM), Yuseong-gu, Daejeon 305-350, Korea; Hong-Chun Li, Department
of Geosciences, National Taiwan University, Taipei 10617, Taiwan, ROC)
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1. ME

vjelel 71 5skE 655 e | FeREe
Qs gol 445 A9l 7| Azl <18 71
29 AnE AgaN £ slek. vl 7]
F BuRe AY)) PoE 71 FtASol of
Zst mels A AT H8hEr} BekEolof ok,
o8 915} 1% BEA o] T2 7 Fus
299 ARE AWtz Sud 175 Aot
Hliske Rolth. oF ) AATAEE 15
cropst S dA S UE AR dolA TA 7%
A2E BYsta Qlthe.g., Marchitto et al., 2005;
Henderson, 2006; Yu and Elderfield, 2007).

o] FoA T 204 F3F 7S EHE] A=A
Rom 7Pt F53 17|95 M o] RAL Qe
222 At ERe AAdsaE WA st
A& 5 T2 ES S 5 tHe.g, McDermott,
2004). F2HAHEY 17| 9eHA AL 1) EAF
B 1A 609t dofl AA 4733t =420l et
A8t A=A o] 7153513 (Richard and Dorale,
2003; McDermott, 2004), 2) T3 =ZE F=A4A
9 "AEE AL FE 2 A¥SKannual
change)7tA] 7| &ws}te] F& o] 7153l (Tan et
al., 2006; Baker et al., 2008), 3) AAF=2 W3t
A EAET= 28, Lf=oA Az o]27]
7, 2 ALEfA] B T o]27]71A] A
T theket 2 ol A =] (Woo, 2005), 4)
TES GAR £ Qs AETket FAR A A=A
Foll & olite] 28 HA = o, 5) =44
& Woll okt ZF A (proxy; 234 E4, Ak,
A 2 3 ok FE Y4, Mg, Sr, P, SO, Cu, Pb,
Y, Zn S thoFst nEkd A, excess 2'°Pb, ¥Sr/¥Sr]
F)E ol-83lA thggt 71 S| QAo Thgt 34
o] 7Fs3ttk= Aot} (e.g., Frisia et al., 2005; Wynn
et al., 2006; Fairchild and Treble, 2009; Jo et al,,
2010a, 2010b, 2011).

F2AAE FoA 7HE Bol ol 8H= AlEe
Aot} Ael WA RE HolA= B0l
Hieho]| o XA sk T2/ =0l th(Woo,
2005). F2BEE FolA Aol 7HE Eol o] &5
£ ol e BolAle T2 BILHE &
AEFES A 2o 2 g A ok 524

2SR - LN, H-C. - X=d

AEE T2 Astprt 3280l o|=23S 0, o]
Kslekno] eiatgolit Zuargo] ofs) SE4
7F SAFEFEol dial w23l o]2HA 4%
Fieh. meb whe Suagolut ol tsiekae) Sl
22 T ES S wEA A2 s, o]
£ TAHEEEC] B3N A== Ao] obd
=83}l 2 2 (kinetic effect)o]] o8 & AFEE
7t 24 = o] M|FFAE = FE] A8 = A
stk B2} 9jRe] BAL A M
I F35Y AR =AY E Ul 2= 7| 5E
£ Zolu, oleis e ERAHEL et
A EE] T2 BRH A FES IA
< gfjgto] HEE7| jZolct. S EC] T2
o FFAE o AT = A& YobE= o] ¢4
A Q= EBAHEE o83 71T A7E 43
k= A= Hendy testghal £-211 Qlth(Hendy,
1971). 5] B BASLE 52 Sol 4 Aok 4
0] I T2 FPAHE o] FHA ATt
w2 AFANE HrEstYthe.g., Talma and Volgel,
1992; Spotl and Mangini, 2002).

Heg o83 )T AFE Yl 7P Eol 9
FollA] AGEolE TS A QHYEglelaolch ¢t
HE9IY0 SN So] ALEULE of2] X
9] 27155 A8k AXAZA] Hol Z-8E 3
t}(Johnson et al., 2006; Hu et al., 2008). £3] Z+
o F= A3 oA xd g AFES 43
TF HollA e Hes9 Aasolda 482
o rlohE:o] o} 54me) Wske ANske Fagt
A AR2A] AREE QIEHWang et al., 2001, 2005; Yuan
et al., 2004). AT Q4 oo HAFHULAE
A o83 7% Ao Wol ARE O] gtk
AT UAE AT Psols P LE0] o
2RO o] P WA 7] Wi =2 '
40] 7]9o] B2E A7} o] 20121 bl QlckDorale
et al., 1992; Genty et al., 2003). £3] FZof| = 4
SlEZolA ool TITATE Mol SAE
Slele TR WL 0] ol k(o et
al., 2010a, 2010b, 2011). T3 Ji et al. (2010)L A=
T 8452 U Aeol digt gaslda S
wafslol S oA A4717E BYA7IE A
57| Bheic. A1) vlgL S o] §3}o]
we W7|5AP} 40| Yrieg., Fairchild



HFE SHER M0 7122 HAS9

[=Jy=1

and Treble, 2009). ZZofl Woo et al. (2013)2 Al
= §HEE A WY ngda S B4k i
et al. (2010)0] AIFE 2177} By A)7]1E &
Mg

TN EY AT ddL 2L 53] SOk
ofA Y, IEAY, BepAR|Y Z¢0] SN EE
F745t7] 918l Wo] o]-&-E o] Yrh(e.g., Porter and
An, 1995; Wang et al., 2001, 2008). 1 o]4+= &
el 4% LERisbl ol Hen) wjs) 24 4
AEgeme] gho] AITfEE - 2 Ho] & Ho]7]
wj &ojt}t. £3] Wang et al. (2001)2 F= Y Hulu

T2 AR A AT ea duE 18

A= g2 ZAst, obAQt o FE<=0] 7%, Heinrich
71, D/0 7] F o7 47| s}l gt Ak=
£ WotAtE S} vl wste] ofAJopEe9] o E7F =0t
A A7 7| Fstete] QS weled 2 7149
£ SIGlth ol&0] Ak 949 & o83t 1)
AL A WY Aasdas R WPt 2%
O] HigtE = AT 4= gle M E Kol o= 7
Z=gFo] Wglo] JeFoa ATt 4= 9J9l7] wEo]
t}. EA|RE ofA = o] AAAFE WollA] ARt
A 0] AT UL JES o] 83t AL 7| &
¥5hS B =2 obx) 2g vt gl

AAEe A2 Adstelx U Fxo) W
e AE(YC1)) DAY nles BAPIE
olgsle] 2 A7) 7| WSE 24 vt 9l
tH(Woo et al., 2013). 3}R|9F AEH o|ZFAL =7
who 2= 440] ZA} TIHE R 2 cm)of T of
EEge) FERE olgste] £47]7} Al A
718 2431717k oleifick. wehy o AFeNE
AFE §AEE Wl N A4 He AR(YCD)E
ol g310] At 6004 7t A|FE e 7% wshe
2437] 918 At of A7) 2He B
3 2715 ZEA R ol 4T QI D= A
sJeiae) A2g 7% vjFasAe vlnsto] %)
@600 e AIFE FHA Gof| Gk FUE 7|5

H3LE o & FEstal A o2 A Aeh= Ao|th
2. 91X

AFA G 2xE3h= SR diFE2 €@
WYL RA, F-57d0] FoF o2 ol S¢F=0°l

2/ A

[l iy

=

£ O[E% Al 6004 St 17|& o7 341

o

[e]

e ARACZA A== 5 L5
BHEZY AR A AR ABARE L EE
o] -&oll &l B/ = Uch(Won et al., 1993). &
B g7 ARG 9 47 @R ERE
A AL 2 kS whet SREA X e} FARIA| o W2
Zol| \A Ez3t. FA Y, "3 AT A FolA 23
2] Aol thiu| == g AR K/ Ar Adigh
2 2k (.63 MaZ 21 H v} QIth(Won et al., 1993).

L2 AYH o AFro E55 9%
she, PAFH 02 ATk BAFT T2 EA el
AXFHIE 1). §HF5= Zo]=2470 m=E B
1E vE gloy, wEAtE £FFE/A] AtshH
AAZol= 3 km o)4to] H A o= FHstar it
BEZ29] Z 2 9F7~15m, =0]=2F15~20m HYYS
HRlch AA Aoz £ o s Waddt Rz &3
o} T2 BT A7 98U F(primary lava
flow)o] FHO 2 E o §lof H|w A F&g HE o]
FAY ket 29 25 Uitk 8452 W
o= BE 45 = oA e 4 e 845
T &gAE 9 AT 22 sE8EL T
A A3 F2o AT T2 FA == vl ot B
2 gk R0 S8 EC] Eds] FAE
ITH(i et al., 2010, 2011).

|2 s I Jlen, o|= st
gul EAEC] §HEE AR 39 HAEHNLS
o, o] gt BAIE B E2 AT 9 of ] afjylofA]
238 v} 9lek(Ji and Woo, 1995). Ji et al. (2008)-2-
SHED AR AEWE Y7 Y Ae] Aol
A7l A E L2 7HEA B 1 AR oF
2000~4500 M o2 AIRkgH v} Slck. 8 HE= HE
&1L Sl BAMEERE2 HES EY U9 o
2 At &Jaf &afEo] = W= Zg ol 23 T4ty
o|&S FudtaL, 1 AWE §HE=E Holle A3
F= HollA EdE= o8] T/ F248 &0 4%
33z QIth(Woo et al., 2008). HZZ Yol @A
He 230 SEAEERE S0 8UE5H 4

& A5 2T, A1 14, 74, ER S0l ATk

3. oipeky
AFE HT20A ks He(YC)<S A
Fshock Y12 A3 P4 A S35 29



342 SHAl . THLE. O|AkS] -

[=] o

stel gta glgich AT FRANE EEL
S o m A ¥ UR 4%
A PSSR S S AR ste] B
HSHATHIY 24). e SURE Ano sy
U 755 cm 722 Zefo|= Fekig o] gte]
SRS ARSI o, HR S o W AR
o) B3} ES Brletgc Eg Agale] WY
o] e FES A% YHY(DGL; zone of
densed growth laminae) 2, Ad%}4lo] Fu|gt L&
< A UG (SGL; zone of spaced growth
laminae) 2 LE3FFHTHE 2B; Woo et al., 2013).
2o Ao it mlFd A A (Woo et al., 2013)
o]l A= excess “°Pb ® &t 7HA] Hho] olafAut
o7t 2k e Heee] RS uhe s

o= M

=]
=2
=

>

=

Beach

Beach

'o’. Yongcheon
Cave
Gimnyeong
Cave

Carbonate sand dunes

Manjang Cave

Jeju Island

2SR - LN, H-C. - X2

N

bAR 4 917wl ek W) g
Sasiol 1 A3ke M2 ojlshs At 2 7E
HAZE 42(YC1) 9] 714l U gto] £
=] gick. o] LR mee 2 § A2 YT
UAZ FA A7 S0l o)) 4t Aoz 24
v, o] W whHo] ZFH o] = "CHES o1&
slo] WAMERs: dlE4(Radiocarbon age dat-
ing)S YA B4 u]=9 Beta Analytic,
Inc.ol SBstAo, AT AR F o 10 g2 3
3}o] Accelerator Mass Spectrometry Techhique
(AMS Technique) BP0 2 B35t o|sFgds
£ 0] 83} o] A 9] H3(Woo et al., submitted) 2} 2+
2 oA AAFHYAE B8] Y8 0 cm
ZAEE 2 cm X A7HA] 125 m ZHA 22 Z 16070
o] MAI =S A HEFHATHTHE 2B). mAIE AHF = o

wt Lo

Carbonate sal

Study area

Fig. 1. Location map of the Yongcheon Cave on Jeju Island. Gray zones denote the distribution of carbonate sand
dunes. The passages of the Yongcheon and Dangcheomul caves are denoted by dotted and solid lines, respectively.



HEE SHSE Az0 7128 A4S

o] ST e A astarh Bastal Qe bt
o|Z=Y(micromill)& o]-&sto] AAI= U} A3
H v =Y AaFelda B4 givt 3943
ot |7 }state] QPS94 A4 7 (Isotope
Ratio Mass Spectrometer; Thermo FinniganA},
Delta XP plus)E o]-&3}3ch 40 3= +0.1%
oy, BE47}-& PDB standard 2 ¥ 7|35} th

4, A0}

A micro-milling track
for stable isotope analysis

¢ B RS AT T : . b 57 A e
Fig. 2. (A) The YC-1 stalagmite slab used for this studaf. Two rectangles indicate the portions of the stalagmite made
'%b are also indicated as circles and the track for trace elements

for two thin sections. Microsampling sites for excess

£ 0|8% Al 6004 Sete| 17|% o7 343

< QoFstH thEat 2o, & o Aldet 224 o
TFA3= Woo et al. (2013)of YeR Ath ARATL
Sk Al 2 IS 1= 0.01 mm o]3ke] 7t
T Aes FAE Jlom(1d 2A), HHH T A
o &= AgAgo] F3sHA BRIt 1H 2C, 2D). A=
2 B5E Aupyged o2 o] oA glon, Y
5 239 Fell= AFA AT F o2 ujgH F
72 Wi ole (™ 2C). o] A= W A4S E4
of whah A o 2 215t gAFAlo] PR UR =
o Uehb= %A D o2t g4l o) vl 3] a|st
Al Gt A4 Bl di e E4o] Il up
2t AA A9 nA] FAEE 25t A& Yo

is indicated. (B) The YC-1 stalagmite slab showing the calcite layers with densely spaced growth laminae (D). The
calcite layers with less spaced growth laminae are between D's. Note that the two layers are alternating and the D's
are thicker. (C) Columnar calcite with faint growth laminae in the YC-1 stalagmite. Note straight boundaries between
columnar crystals. (D) Corroded surface on the tip of calcite crystals which indicate dripping water was acidic.
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A & 2hE HEstgch 1 Aa) YC194 veh
£ A3 2 diet v dA Y= 42 1375} 128
F O 2 ojZHti 1Y 2B; Woo et al., 2013). 4%
A e FAs AR 3 FES AYsiae
0.12~2.05 cm 2] Y2 H & Holx|qt, %A vjd
At FA= GAl AR & HES Astn
0.05~0.30 cm&] AAjA o2 F31 AT HYE B
Itk YC-19] A7 gy die} vid o= vl
S T A L7 B A 9
o ol @A= Y= FEE HojEoh 2=y o]
23t A2 AA| Zo] 10.75 cm9] M= Fol| A A
£ 1.90 cm o|Ft A TE FrE S}, Ao A= v
e 4L Btk & A vEdgv S22
SAAHEA g2 A D7 AEE &
S HRlth & A 3fet HAjo] AAJE A 2 ecmo
Ae 2 A gy g 7E $AsHH (29 2B), A
9] HAFE FHEEQ 0.15 cme A EXY
2 A= ot o]F Hat A viE 9 XI5}
7= oFeliA= AEAHS BAtHWoo et al., 2013).
ESH A R el 439] e o] AdAsict
7} 1 ®o] A8 27 & IEE (1™ 2D)
42 MFTE U oI

Woo et al. (2013)& YC-1 <=2 18] 4140
Z3HE excess “Pbg o]-&3te] ZA3 vl QI o]
2 o] o] AFELS 9F 0.033 mm/yrolH, &
AREZEE] B2 A0 AR A2 45
o} T3 o]yt ik 2AF £4 A H¢ Y
/378 9] £A7} 0.02~0.07 mmzh= AR T} FARSE
A E HHET I 25 o] & EYE o5
A Yol et 2 AR W E 197 43 A A
A2 sstgen, Eao] AAH YC-19 A
B2 cm F7H AD 1401~2005d 9] HAAE Ao=
St vt Qlch
0]} 7o) excess *'’Pb ¥o] oJ5) T 449
Fol| gt HAXRE A7) 3l A2 LofA
A4 B 052 SYFE AEEo| HE
Ao R FAE= UF oo tigh BAMY ga
AXBIATE o] AlE7F A<=2] 7]A o

2o, 49 AH2 H&o] FAEHT]
AlZFeE Agolghr|Eike o] Aol BHY 5= Qe
3

< oujsit}t. B4 A3}, conventional

d0 2 A 2

2SR - LN, H-C. - X=d

radiocarbon age+= 1,350+50 yr BPE YeFGTH 1
3 2B). o3t A= excess “°Pb Heo] 8] 324
H 2 2 om F2H9] RE] A AAI7E B4
B Fet dAsITRaL 7Hgste] AlktE = 2F 3,000 yr
BP%} of$- = x}o]E Kol t}h 1L} excess
Pb A2 o] Yl A i 2004 o] 42 A
& 2751 7o) ojgl7] uheo] 919} S A
o AtjE% ek eEn Auelas sl of
t}. E3FYC-19] excess *''Pbo} HIAMY BHA Adf
2% A3} B Ule WeuE 478 Bl
o] o]2fat e ZahR Aol BAL YC10] A
Aelis B2t 4AHE0] 27 WRE A0 Aol
Rol o greiHoleh. neba o] Aol that Wt
HAFET A7) S 9817 A Aol A 7
zZboll tha) *'Th/*'U AjEAS AAJsloF & Ao
2 AZE o] AFolA= YC-1 A9 dAdisiy
= A8l 2R 2 om S G2 AAIRE ex-
cess “'Pb TS H-gstgon, ufehA gzl
A et 217] 55k sAdS AAISHATH

WEHaY 3). AAEINRe) Hohghy Hage
oF 16 72k9] Aol HQIT. AT 9| U v
S BTG WSS ol AAH T SRR
o Tt g 02 ke 5 oh) ngEs

FARS Btk oF 17 mmiETh AR E 7FHA 16
mm7}R] AxA 02 Halw| 7 9t shA| vk 23ty
£ P2 ErFE s Hleta glon, ol A
= A2 o] ¥l B o QI 2F 9.5 mmoflA]
7 F23ke k91 -5.8%0 9] Zh2 Holm 2F 8 mm -
Z7HA] SR RSFE Q7 oA = S B
Itk oF 6 mm koAM= wil-¢- FohE g Hol
o, o= HE AT & KA oF 2 mm
O|2RE ERZIA| A FotE = B HolET

5 E 9

T2 WollA dRshe Ae2 A 9% A



HFEE = Mol 7158 44Z9

S02 YEshE 52 U] olAskekao] Bkl A
Moz | fie] faago] doft Rol
(Woo, 2005). A& 0|23 it whshae Fag
o) AR 912l Rl il el W HA 5
S50} WRAFeol QUche AL WL BSo] Al
3} v} QltH(e.g., Gascoyne et al., 1980). whahA] &3
T2 U9 Yo 7| 2H AT YA JEL I
25 U AT e AR HE, 2 %0 A
Aot 5y T2 W 71 H3tE S|4 4= ik
A 159 5F A Yol 7158 Aawelda
JES 0]-8-5to] ofA|okE9| WSt TRt A7t
ghiks] o] RojA gt I FollA 7P A=A
FEAAE TP A2 Wang et al. (2001)9] A+
ojth. o] 52 T FTEH Hulu 329 Ao
HE TR AL EIAs HEE B, A
'd 75000~10000% A Atefof] gt A= ol A
Heinrich cycle, D/O cycle?] 7]&& draylom,
olefat 7] Zo] TRE A Al st oo 7]
F3 YA BT}l 53] ol&°] HEHE 7
52 2 71)7] Fetells obAlot AEEeY e
7} o iRt Aol o]50] o3t A&
=2 5 QI%d 7R S8 A= A Heoll 7]
S5 A oda 3o wloltt HE A3E=
Wo] 7] H3l= A 5 Wl G35ttt mebA ol
o] BAgE A= Yol <F 5%l AA AbasHda
JE9 ApolE Hols AL T2 W9 7120 44
18%= A= H3lg AL ou]st=t], ol= A &
7hsdlthe Ao] o9 =tk ol52 wEhA
ol A W AbAF 94| ¥Fo] v|7h wol
L& 7H7] Stoll= Bz HEe ol BotAwA]
AhE 914 e AEo] 1 Z4E 3he Kol vt 2
HI7H A d o2 AA 2= W] setole o &
3he AEAEA AES Hol= Aok AjM
t}. & 149 AL HUAE Bols Al7]= ot
Aot AEEw0 vt 8 ZAEHEA"E Al7lola,
Y 2 o 23bE Aas o da AES Bol= AV

£ O|S% Ak 6008 Sete| 17|F 7t 345

= Fobalo} o] B i) 7wt okefusiel Wal)

L Zloth o] 52 T oS0 st AT}
QrozuE yhe AT YA TeH AHILE B
WAt o]59] A2 IEE ol F, 4352 Y
Heo] AT e RS o837 FoMoHEE
of gk At= vl B3] o] FojF o, He
AaE s 2 Heks SOt A EET
AYet 29 F=E AASHE T8 AAAER
o] &= 31 QJth(Fleitmann et al., 2003; Yuan et al.,
2004; Wang et al., 2005).

SREZ Uol 4] AHIE YCL He0] 43
715 excess 'Pb 0.2 %t A3} AR A 2 cm
AL AD 1401d 0.2 ZHETHWoo et al., 2013).
EZE A0 FAE o] A=E AFIRE A Y 2005
dolt}. o] & Etj 2 42 4E0] 0.033 mm/yr
2t 7HsHE(Woo et al., 2013), ZF A HEZE o] 4
#9 AR 24 4 ArHIY 3). YC1 Aol
Ak RS AAH L2 2 em 71491 1401
WRE oF 14500714 Zasichrh 1 oo oF
170087k X420 2 F7lshe = Bk 1
231 o] ZA| 23hE Fh2 19009 H 7] A=tk
7F oA 19508 78 F43] S71te: 7P ghol 7
She Al71 9k 2 A)71 9 4w el ke Aol
£ F 150 olch ol Et Atol= EHFE Wl 14
He T 42y Alo), &2 $dE=E Ul &=
W3t A 4= Qlok W o] Zpo|7F 2ot &
g o)t o] ZpolE 2= S ¢F 5.5~6C
o] z}olo] sfggtet. 20080 SHFZ YR &
=5 BUE TR 23] o5 SdE =] Wi
7122 Aol whe} ofzke] Zol= JUARE YC1 Al
ZE AFT A FZolAe HiFE 2~3C 9 Zpo)
£ B AtHJeju Special Self-governing Province,
2009). o]ZA AriH oz Fotd itaFoda 4
g Hols 7R &R sjdshe ke R
FEth € d Yol 3= W 7129 #3571 3T o]

52 Yo =71 Hi 55~6TC 2 ZJo]Z Hol= A
2 Aol Aoz Brlssl 7129 xfolo|t}. 9
Ul 52 W Bi2=rt o] Awe] xfolg B
Auhd F& ¢ A FoA Kol 2&9] Xjol&= ¢
2 Z0)7] ggolet. ol2jet =9 Aol 218}
7] B3t o]u] B 1H 2= 9] Jfo|Hct uf 2 2k



346

o, olg] AR B 25t Q= 2H7| ot
29| xpoli= ¢k 2°C o|Yjo]th(IPCC, 2007). whet
A o3 AAT U A Zhe] Rfol TZFE 89y
TR ALLT UL R Jolof 3t Foz
EEsRl=s

YC-19] AbAF YA AL 7129 A9
A QJEY} e B F 2T a4
7ol B3 WS = ik SHATE -
AFE S-S B8] 522 REehs AlZke] &
AZE olW Y =2 - Z7] wfjEoll AAE AR
o] BRI E &3} yHgshes ARt Wl
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Fig. 3. Stable isotope variations of the YC-1 stalagmite compared with trace elemental compositions (Woo et al.,
2013). The dashed lines with A, B and C indicate the timings of the notable paleoclimatic signals. Note that oxygen
isotope compositions clearly show the period of the Little Ice Age.
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