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Fig. 3. A) The entrance of the Dangcheomul Cave. B, C, and D) Numerous

calcareous speleothems in Dangcheomul Cave.
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indicated.



ATE A AFA TS AL AT FAREZ A 29 TN oF

20 m Goixl Aol 2009 12€el AM&e AMFSAT. Mo dol= 225
mmo] 1L A& 166 mmeo|tH( ¥ 5B). AFE Mol gk =4 3F, A"

A, AgstEd s A des FA(epoxy)® F3F AR Fol AFsS whet
THFor dastdti(d 5C). dddh Ao &% FWs 75X5 em 1t 4

o] Ehole FEAE ol&sto] 4709 ¥ S Aoy, AlAE dtds A

o 247 54 BRI A9 EARY GUS BAW F APEA
2 99 RUARE 27] flelo] wREEANH 7 (dental dril)E ALEato] %

E2RE AR7EA 4789 A H o)A 350 mge EEAEE AH s}
AFEA LS PTh/U AR HE F3 oo Ak *Th/U AFEA
& u o] Y AEEe] 4 MC-ICP-MS (Finnigan MAT Element)E o] &3}
of 248ttt fehw B wd ® AA 293 4 HA= Edwards et
al. (1987, 1993)7} Cheng et al. (2000)2] ol upe} X3YsATE HAIEE
HNOsell §3lA171 & *Tha *PU-*U (FU="U) 445 7tatdch. $2ha
(Uranium)¥  E%(Thorium) F242 &4  FEHE2AAHFHH(New
Brunswick Laboratories; NBL)®] <= A|&(Standard Feference Material)<!
112-AFH S AF&3to] BAP on, olo] 9 9t(Towa)e] ©}H]=(Ames) AT4&
o 9+ FFEZAZAME (Standard Materials Preparation Center)2] A A E&

S0 o 8HAY. $E EES FeOMyt 8 AR-F474 gozn



Lol i WMo FEFAT o F $la el o7

AR FEehe] BAAAT AEFS
HGAT HAF Ao nEYG AR

F5A42 V= BETA 2448 AANA ofFoitt. LB EE AAHHCD

re

ol

e

o

filo

offl

>~

9
o
>,

QL

;'.Pu

i)
R

I} FASYEFNaOH)S o] 83l HdAst o AMS (Accelerator Mass
Spectrometry Technique)® SA3tA . &4 42 2 sigma calibration curve®

o] &3}o] calendar age® ®.A ¥ St}

| Samplin

g
points for
Ui aning

Fig. 5. A) The manmade entrance of the Dangcheomul Cave. B) The DC-1
stalagmite for this study. C) A slab of the DC-1 stalagmite showing
sub-sampling sites for carbon and oxygen isotope analyses and
uranium-series dating. TS=Areas made for thin sections

_10_



of dEe AL FEAE BAAA

-

2Edds AEs dotrr] fste]
7] 23R A AT A (KBS el EA-IRMS (Elemental Analyzer-Isotope Ratio

Mass Spectrometer, 4= GV InstrumentsAt2] Isoprime®&)E o] &3] £-7]

Bo] BC/C nE A8 g4 RFAIEE v 243 A 2859 A
A& oF +0.2%°] .

Mo M EHdA AEe oty 98 Aed AESS wet S
AT FAH FHATL H AR EAH 7] (MicroMilDE ©]-&3Fe] 0.25 mm %t
Ao F SHEZHE AH7HA 86271 2EAIRE AFAS AL AFHA TEAE

= AH 100/l =99 LEIBNIZ 93404 IRMS (Isotope Ratio
Spectrometer, Finnigan MAT251)& ©]83% dual inlet Z==2 o]Foixth 4t
29t B4 YA B4 A= BT £0.01 %ol A 76271 9

M

WAl 7= v Arizona University2] Environmental Isotope Laboratory®l 4]

A 227 (Mass spectrometer; Finnigan MAT 252)Z o] &3&to] A&t}

EFA 855 NBS-195 AF&3t o EAoxs AAEH U427 £0.1 %, A
=D 27F £0.04 %yo] T

o,

Mol g Eda Ao Wstet AyA e A AL
=2 Wate] S dobrr] flske] 20099 1458 2012 5E74A <
A el A b1 e AeEARE AFS] A Ao b 24
< 7|2t LdA T LA AAsd o, s dae] A & 03 ml
» 3 (Epstein and Mayeda, 1953)2.& 25T A CO.¢ H¢UAx

of otAFYUA HAwEA7](Stable Isotope Ratio Mass

-

il
I
Q@
@)
@)

=
Spectrometer) (9= GV InstrumentsA}e] =2 Isoprime)® #4243t ¥+
ARE W ST e oF £0.1%°lth FAE YA 42 Morrison

et al. (2001)2] Wl wet 2HFAFAAA ] FA (2D PyrOH)E o] &35t <F

_11_



02 we & ARE Cry} w3AA WA F27Fx
217](Stable Isotope Ratio Mass Spectrometer) (3= G
9 Isoprime)E ©]&3to] £ eH, TFAIRE W

+1.0%°1 T}

_12_



Table 1. Monthly variations of temperature, humidity and carbon dioxide of the

Dangcheomul Cave and its adjacent area.

) outside cave outside cave outside cave
collecting .. .

date temperature temperature humidity humidity COq COq
§(®) °O) (%) (%) (ppm)  (ppm)

2010.01 8.3 16.1 57.8 99 404 693
2010.02 12 16.1 62 99 463 820
2010.03 11 16 74.7 97.3 411 539
2010.04 14.1 15.8 87.1 96 423 770
2010.05 21.3 18.6 86.6 85.6 467 1198
2010.06 25.7 19.9 93.9 97.1 325 1528
2010.07 32.1 18.6 68.2 93.5 291 1592
2010.08 28.7 20.4 86.2 96.4 350 1902
2010.09 25.6 18.9 61.7 84.7 347 1552
2010.10 12.5 19.2 50.5 99.9 324 638
2010.11 11.7 19 51.7 99.9 380 894
2010.12 15.1 18.3 49.5 99.9 367 995
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Fig. 6. Carbon dioxide and temperature variations at the monitoring sites
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Fig. 7. Humidity variations at the monitoring sites in Dangcheomul Cave.
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Table. 2. §'%0 and 8D compositions of rainwater on Jeju Island.

collecting §'%0 8D collecting §1%0 8D
date (%0, VPDB) (%0,VPDB) date (%, VPDB) (%,,VPDB)

2009.01.21 -3.3 -8.4 2011.05.27 -4.9

2009.01.30 -9.2 -65.2 2011.06.03 -7.7 -57.5
2009.02.19 -4.0 -21.2 2011.07.02 -6.0 -44.3
2009.04.13 -8.1 -61.5 2011.07.06 -7.7 -56.0
2009.05.20 -2.7 -15.1 2011.07.09 -5.4 -41.6
2009.07.07 -5.5 -40.7 2011.07.11 -1.8 -10.1
2009.07.15 -5.0 -32.5 2011.08.01 -2.5 -16.9
2009.07.28 -7.1 -48.1 2011.08.22 -7.2 -49.7
2009.08.07 -4.2 -28.2 2011.08.26 -7.9 -58.4
2009.08.11 -3.9 -27.6 2011.09.10 -3.8 -23.2
2009.08.14  -12.1 -102.1 2011.10.14 -13.2 -95.8
2010.09.11 -8.4 -65.4 2011.12.07 -6.2 -33.9
2010.09.20 -3.9 -19.4 2012.02.28 -10.4 -62.0
2010.10.05 -6.1 -24.6 2012.03.02 -4.6 -13.7
2010.10.07 -6.2 -24.7 2012.03.05 -11.3 -81.9
2010.10.08 -5.8 -29.6 2012.03.23 -9.3 -56.7
2010.10.24 -6.1 -34.6 2012.03.30 -9.9 -57.2
2010.10.25 -8.5 -55.8 2012.04.10 -7.4 -47.1
2011.04.03 -5.5 2012.04.21 -6.5 -49.4
2011.04.07 -1.8 2012.05.01 -10.5 -73.8
2011.04.30  -10.2 2012.05.15 -6.4 -42.8
2011.05.09 -1.8 2012.05.24 -7.0 -43.0

2011.05.23 -11.3
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Table. 3. §'%0 and 8D compositions of rainwater during typhoon on Jeju Island.

. §%0 8D . §'%0 8D
collecting date collecting date
(% ,VPDB) (% ,VPDB) (%,VPDB) (% ,VPDB)
Typhoon DIANMU Typhoon MALOU

2010.08.10-1 2010.09.06-1

-7.0 -53.3 -11.1 -81.8
(12:00~14:00) (09:00~14:00)
2010.08.10-2 2010.09.06-2

-12.6 -94.7 -10.3 =77.1
(14:00~16:00) (14:00~19:00)
2010.08.10-3 2010.09.06-3

-12.4 -95.3 -9.0 -64.9
(16:00~18:00) (19:00~23:00)
2010.08.10-4

-14.1 -109.3
(18:00~20:00)
2010.08.10-5

-10.9 -83.1
(20:00~24:00)

Typhoon KOMPASU Typhoon KULAP

2010.09.01-1 2011.09.10-1

-5.9 -38.7 -3.8 -23.2
(08:00~13:00) (14:00~16:00)
2010.09.01-2 2011.09.10-2

-10.2 -76.5 -5.1 -30.5
(14:00~18:00) (16:00~18:00)
2010.09.01-3 2011.09.10-3

-7.6 -54.9 -3.7 -21.8
(18:00~21:00) (18:00~20:00)
2010.09.01-4 2011.09.10-4

-10.2 =75.7 -3.0 -16.9

(21:00~24:00)

(20:00~22:00)
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Fig. 10. Radiocarbon ages of paleosol
within the carbonate sand dune
overlying the Dangcheomul Cave.
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Table 4. 2*°Th dating results of the DC-1 stalagmite. The error is 20.

Sample 238U 232Th 230Th/232Th 6234U* 23()Th/238U 230Th Age(yr) 6234Ulnitial** 230Th Age(yr BP)XXX
Number  (ppb) (ppt) (atomicx10®  (measured) (activity) (uncorrected)  (corrected) (corrected)
DC1-1 44.0+04 438+9 495+14 77.1+£6.5 0.0299+0.0006 3068+61 T8+7 2741200
DC1-2 98710 581+13 60.3£1.6 94.3+£4.7 0.0215+0.0004 2165+39 95+5 1950117
DC1-3 1352+1.0 377£8 87.0£2.2 102.6+4.1 0.0147+0.0002 1464+23 1034 1332157
DC1-4 1284+0.7 728+15 23.4%0.7 107.3+3.9 0.0081+0.0002 796%19 1074 589+107

#§2U=([*MU/U Lactiviy= 1)x1000.#% - §2**Upyiia was calculated based on #*“Th age (T)i.e., §*'Uiiia=6" Uneasurea x €34T,
Corrected #°Th ages assume the initial®°Th/?**Th atomic ratio of 4.4 £2.2x107°% Those are the values for a material at

secular equilibrium, with the bulk earth ?**Th/?*U value of 3.8. The errors are arbitrarily assumed to be 50%.

B P. stands for “Before Present”where the“Present’is defined as the year 1950 A.D.
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data under normal climatic condition can be calculated to be 0.11mm
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Table. 5. Stable isotope compositions along the five different growth laminae
from the DC-1 stalagmite to check "the Hendy Test" (Hendy, 1971).

18 13 18 13
sample 1D (%O?VP?)B) (%fVP(l:)B) sample 1D (%fVP?)B) (%o?VP?)B)
49 mm-1 -5.3 -6.3 202 mm-1 -6.2 -10.4
49 mm-2 -5.1 -6.4 202 mm-2 -6.3 -10.4
49 mm-3 -5.0 -6.3 202 mm-3 -6.0 -10.2
49 mm-4 4.7 -6.5 202 mm-4 -6.4 -10.4
49 mm-5 -4.6 -6.4 202 mm-5 -5.5 -9.9
120 mm-1 -8.8 -5.4 220 mm-1 -6.3 -7.5
120 mm-2 -8.5 -5.1 220 mm-2 -6.2 -7.6
120 mm-3 -9.3 -5.4 220 mm-3 -6.0 -7.3
120 mm-4 -8.3 -4.9 220 mm-4 -5.9 -7.2
120 mm-5 -8.5 -5.0 220 mm-5 -5.8 -6.8
166 mm-1 -11.2 -5.4
166 mm-2 -11.4 -6.1
166 mm-3 -11.4 -5.8
166 mm-4 -11.4 -5.8
166 mm-5 -11.1 -5.8
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Fig. 18. A plot of §®0 and §"C values versus the age of the stalagmite DC-1.
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Fig. 19. A plot §%0 versus 6¥C for the stalagmite

DC-1. The low correlation coefficient (Rpc-12=0.02)

indicates that carbon and oxygen isotope composition

equilibrium and not kinetically

are In 1sotopic

controlled.
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Fig. 20. Stable isotope data along five different growth
"Hendy

isotope data along

laminae within the stalagmite to determine the
Test" (Hendy, 1971).
these growth laminae suggest that the speleothem most
§1%0

layers are relatively

Similar stable

likely grew under isotopic equilibrium condition.
variations along the same growth

small compared with the variation along the growth axis.
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AFTE A S A3l A 7Y wol AAetd AAS JNiEE[Liriope spicata
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Chenopodium album var. centrorubrum Makino), % (Artemisia Princeps
Pamp.), %W = (Lonicera japonica ‘Thunb.), <M (Miscanthus sinensis
Andersson var. sinensis), 9™ (Vitis amurensis Rupr.)® 9# Fo|th(1d9
21). §1 ¥ T AHEQ @2xEdYs ENEAY MMEEe -30.3%, HA T
= 287%, Wola+v -30.6%, &< -30.0%, dEB= -30.5%, FHFE
-30.3% % 574 HATE 5). C; A& BdheEdda Fe -35~-22%2 W
S wolv, Hyt 27 e 2L, G A= -14~-9%° LT dl &%
o] WH9E Roly Hit -13%<° S Zr=th(Faraquhar et al. 1989, Tieszen
and Boutton, 1989). tif&9] &4 UL 2 -306~-287%= C; 2 &9
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Fig. 21. Carbon isotope values of organic matter
within paleosols in the carbonate sand dune

overlying the Dangcheomul Cave.
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Fig. 22. Vegetation living on the surface of carbonate sand dune
overlying the Dangcheomul Cave. A) Liriope spicata (Thunb.) Lour, B)
Rubus parvifolius L. f. parvifolius, C) Chenopodium album var.
centrorubrum Makino, D) Artemisia Princeps Pamp, E) Lonicera
japonica Thunb., F) Miscanthus sinensis Andersson var. sinensis, G)

Vitis amurensis Rupr.
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Table. 6. Carbon isotope compositions of carbonate sediments in sand dune

and vegetation.

sample 1D (%i;jl():B) Sample 1D (%i;jl():B)
DC1-1 -22.1 MR -29.5
DC1-2 -23.3 A g7 -28.7
DC1-3 -22.8 got -30.6
DC1-4 -9.7 % -30.0
DC1-5 -13.7 AP = -30.5
DC1-6 =7.7 Al -13.0
DC1-7 -21.8 g -30.3
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Fig. 23. Schematic diagram showing the ideal cave setting of the Dangcheomul
Cave for paleoclimate investigation. A) Under less humid climate, the decrease
in the amount of rainfall resulted in the longer residence time of meteoric
water within carbonate sediments. B) Under more humid condition, the increase
in the amount of rainfall passed through carbonate sand dune and basaltic rock

more quickly.
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3= A ASHAl A (Genty et al, 2003). £3] o}A]o} A
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3 A7} o]F oA JtHAn et al, 2000; Burns et al, 2003; Cai et al.,
2001; Cosford et al., 2008, Dykoski et al.,, 2005; Fleitmann et al., 2003, 2007,
Hong et al.,2005; Selvaraj et al., 2007; Schettler et al., 2006; ; Wang and
Follmer, 1998; Wang et al., 2005, 2008; Williams et al., 1997, 2001; Yancheva
et al, 2007; Zhang et al., 2008). o]E¢° A7 Z¥o| M= FZAHES H]
F3 A7 FAAAE AbnEdl V52 A AT edds W] et
5, o8] W3lx ITCZ (ntertropical Convergence Zone)o H4+ab
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Pape et al. (2010)2 €A} @4l X A 7o) szZodA T ATE
AFst trsddr 248 EAsd o &
2L W 7] FelA Auehdrial sjAskdin. st diiH e F& 7
2= & J(temperature effect)e}, koA 5717}

st 4 g I (kinetic effect)ol] 9]3jA] &S w=vta B 3} ).
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regression lines in summer and winter.
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d gl B3t oz zgsith wiFd S99 Hulus=(Wang et al, 2001),
Sanbaos =(Zhao et al., 2010), Dongges = (Yuan et al, 2004, Wang et al.,
2005) GollAl o] Folxl MEof AaEdds 2AVEE ol &d A7 =TS
AT HdE2A GAEs = Moo Ahsdds 24 WslE A JFE &
dot=d e w0l Be Ao Addn. 59
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o® AFEe 9T VAL HES MaEIQs 24 £F B G

FHES Hola Qo] Ao ArFTdds NS o] &3 1T Ao oy
S F3 e Aoz dadri(d 32). 2010 8¢9 10¥ 0] AFEol] JFS
FA9 ®HF dF(Dianmu)e 4 $-ole= 124014 14410 A FH 3 o] Aas
A 2L Th, 14014 1641 Abolell AH T o= —12.6%, 164114

1821 Afolel AH T 4= -124%, 18A11A 2041 Atelddl AHSF At
~14.1%0, BF°] o] AFIol 7Hd 2T 20/ el A 244 Afolol A H S A
AXE -109%= =4 HATHH 32). HF W77t AlFez 2HEFE 7
T AtaEAdAne Aol B W& e B R A (amount effect)7F
Eldt Aoz sl shA|NE 204] ol A 2441 74A] 2 H E el A= -10.9%0 =
OhAl F-315) = s ZATH(1Y 33). 20109 99 1ol AF=e JFs &+ =
gt~ (Kompasu)= 84914 13A] Alolo] AFHE 49 Arsddr A
-5.9%0, HE2 o] AFEE 7P I 14A0llA 184 Atolel AHA

1020 e e Btk UFEY do] AANALE AaEAA2Y A

A =7.6%, HE2l 3ol AFIol A Hlojdk AIZEQL 210l A 244] Alolel] x|
d Aol s -102% 2 SAEATHIZH 32). HF 2axo] Agols
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. A Typhoon DIANMU (2010.08.10)
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Typhoon KOMPASU (2010.09.01)
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Oxygen isotope variations of all the typhoons which passed through Jeju Island.
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A Typhoon DIANMU (2010.08.10)

424

680 (%4 VSMOW)

-13 4

14 -

Fig. 33. A) Oxygen isotope variations of the typhoon (Dianmu)
which passed through Jeju Island. B) Satellite images of the
typhoon which passed through Jeju Island.

— 61 —



A Typhoon KOMPASU (2010.09.01)

80 (% VSMOW)

L
o
I

Fig. 34. A) Oxygen isotope variations of the typhoon (Kompasu)
which passed through Jeju Island. B) Satellite images of the
typhoon which passed through Jeju Island.
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A Typhoon MALOU (2010.09.06)
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Fig. 35. A) Oxygen isotope variations of the typhoon (Malou)
which passed through Jeju Island. B) Satellite images of the
typhoon which passed through Jeju Island.
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TRkl 22 FE Ee Type I, O, V7F vHEH o2 Rnola glof e 7|7t

Tl A2 F71E s | dow = 5 3n
(1 12). ol AR 72 AEe] HAAHEE 2197~225 mm7bA oW, 244 yr
BPY-E] @A 7k s @3t Al7lolth o] oM E -42%07hA melid &

il Aol —120% 74 oF 7.8% 7 AEHFH o YolA= grikoH,
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= dA&37](current warm period)ol] a9 sl= Al7|2 Z2e] g =S
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Fig. 36. A plot of §%C values versus the age of the DC-1 stalagmite .
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5-4. At 2,000 yr BP T Ae @aFAd: HE st
HEEs Wbl e Hukg AMCIE

1 Fdo] . wEkA FE Tl WolXle= ddF
o7 F&T 7F stddA s=AAPAES] Aol o AT Aol drt
(Gascoyne et al., 1983; Hening et al., 1983; Goede and Harmon, 1983). ©]#]
st Bl v HYSsY xS AR dHE dAE 2A #rh o

Q= AAAZE gr1e] AtCeld Mee §-FA

Fol7|Estal WEsH/| = shth(Davis, 1977). Bl &5 o] kst dAp=ko] &
VAl =W t7]e AYCEEE ol A
Wang et al. (2004)2 H#d HeHo B ¥d= F=AHETN EHH

(travertine)ol] ths] A A X<l AB TS AA|slo] o529 Aol At Huj

%
=+
=
<
€]
—
o
=
Q.
o
N
o
=
o
12}
—_
©
©
=

7](insolation maxima)°l FFTH o] A& wEHF Aok e 2006 = 5
= Dongge &= A9 dHEALE 715& o] &sto] T=EA A 7|zhel T
e 715 2ol FUth o] dAFelM AAEE 2124709 ArEdds B4
I 4570 AR EA ARE F3 obrlol & Wste] g AAD ARE AA
3t tH(Wang et al., 2005). =3k o] dFA3S INTCALISS AYC 712 2 2
A= WstelQl GRIP, GISP29] 60 7153 divstgon, o5& wF o
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At AE BoFQAh o) AFEd] st A<= §%0 712 opao}
ol MEE UeH(e. g, Yuan et al, 2004), th7] A¥Ce] 7] Zo] I}

of A¥gAor Fg W= oz dHA drti(eg., Stuiver and Quay, 1980).
wabaA o] d e A9 Wang et al. (2005)¢] G425 3l Fola|of 429
Hstes dabFe] Wstel AAor #EE o] dvkes AHES ¢ F AtH(Wang
et al,, 2005). oFAlo} AT offe} wlar A Fo 91X %k Pink Panthers =
Ao AdaEada 715 9A di7] AYCY 713 & dAskE ARE 1Y
F A tH(Asmerom et al., 2007).

F71AQ W3tE Hole FAH=TE H=DC-1)o daseds =4 st
g M3y S8k A 2,000 yr BP E<tel sl@akE 142~225 mmT-3He)
BAE9Ys WM3tEs Eukg 7159 AYMC (INTCAL 09; Reimer et al., 2009)
7123 vlae] BYTH LY 37). INTCAL09S] 7|28 UHF Yol E H| 23 o
2] AAAZEH BAMI e A 7] 5E Fa 0~50 Cal Kyr BP &<t Huk o
719 AMC BEE B s EdE HIdEee wsEs ddyssitt
(Oescher et al., 1975, Stuiver et al., 1993; Heaton et al., 2009; Reimer et al.,
2009). Ak 2,000 yr BP 5 A=(DC-1)9] A sds ®ste= A A T
o vm F Adrk AA 772 2,000 yr BPelA 688 yr BP7FAI 9] A7) &
Al 142~208 mmell g8, of ite] HaEdedan gl H+S -10.
A% 2 ddoz u1dd s wot 4 77+ 688 yr BPolA 150 yr BP
7EA ] Al71 &2 M) 208~221 mmell slEEtH, o] ke ©AE
e -69% = 3 WA R 35% © =2 @S Bt Al
150 yr BPollA 0 yr BP7MIA 2 A EHH 02 ©@AEd9L ko]

L o
=,
-
B
rlo

al
S Hole F7to|th Aae] 221~225 mm T7FeE HAR O sgdsts ko
2 825949 HiFS -102% = F WA 7R 33% o Ae e
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Fig. 37. Comparison between &“C compositions of the DC-1 stalagmite and

northern hemispheric atmospheric A™C record.

Bk Sr R APES oeldt Al Fztol| UEhUE 'S
o} Zol F77F B div)e] AMCY|ERE F dAsta vk Blelth(

38). Eddy (1977a)% W5 dolHE o] &3 AYCY|E 59 AFelA A 5000
Wosote] oAl W BldEEe =4a7|(grand minima), THA W] =7

(grand maxima)E AA| vt ok 53] AP 1,000 yr BP&<tl Y S5

14
(o
B>
2
lo
=)
o

Eo] ZFA7] A71YY Oort minimum, Wolf minimum, Spoérer minimum,
Maunder minimum, Dalton minimum (Eddy, 1976)7] Zo] A1<4(DC-1)¢] &4

LA 715 2 dA star dvi(® 38). Oort minimume] Wy &= A&
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°of ®AFEYA Wae -112%A4  -86% 74 FIEE s Bion,
1,002 yr BPol Al 878 yr BP7FA] A< = t}h. Wolf minimume] tv] &= A<=
o] BtAFEdA Wste -105% A -6.8% 74 F-3hE = AdFS Hol vl

2 Z9 AFE wgon, 688 yr BPolA 580 yr BP7HA s @8t A7) 9]

of sigst= A7I= -98% A 5.6k 7HA FstE= ge Hol Faog)
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Sporer minimume®l|] e ¥ & B4 U4 Wl 580 yr BPAlA 350 yr BP
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Maunder minimumeol] tH| ¥+ SAE L9 Fsh= -T1%NA -4.2%7HA -

]_
G5 dxdE Yo VFad 7|5s o]gste] 1,799d9FH 1824d7HA
19A417] = x4 715 HEs A8tk 1,809dHH 181392 d=24<l

Ak JHgo] A AT, FeEwel FAE M= AL AU TE V=
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Fig. 38. Comparison between §C compositions of the DC-1 stalagmite and northern hemispheric atmospheric

AY™C record. The vertical bar depicts the correlation between the §%C compositions of the DC-1 stalagmite
and minimum of solar activity. A



5-5. A 2,000 Fet A|Fxe 7|EH3}

FAEsE Ao 244 54, dawddh 24 ¥EE A 20004
Qb Hukgt tir]e] AMC B9 75S FAOR wusy AFxe 7|FWEE
FASIHZE 39, 40). EHub AYC 7B Qolx, Huby Blew Ft
Wanxiang Cave 41559 §%07]| 2% 34 vladte] Bokoh(2d 39). A 2,000
W Eetd = Zvrk237](Roman Warm Period)9] % 3t ¢hS-3gal 7] (Dark
Age Cold Period), T Al->%7](Medieval Climate Anomaly), A% 7](Little Ice
Age), 28|31 FH: oF 100W AFH AEHoz2 L7t Asstal v dA=
W7](Current Warm Period) & & 241 $7]o] dojd A AA A<l 7] 5037}
#ZE = Al7]olt (29 39). Zhang et al. (2008)2 s = Wanxiang Cave©l 4]
AT Mo AheHdh 24 WHstE o] §sto] AW 1810 weke 7+
WstE Hdstaion, o] A|7]¢] ofAol Aol WE 7% WVl T %
Zo WA A Al7]ek dAE W H olE2 A7 AFE HEoR
190~950 S F=3kad 7], 950~1,340 S S Al=7], 1,340~18701S A3}

FE FAETI7E dojd AlZIR BT ol B Ads
A=(DC-1)e] dasdda 2dustel dAA 74
UTHZE 39). stAIRE A=(DC-1)9] gasda dio] 7 Fsh= A ve
U= 1700~1800d AFele] =3 Wanxiang Cave (Zhang et al., 2008) 2tA &

A& el 7HE FatEle] vEhve 29 Al7IE 1,600d 22 1001 o] b
£ Uedon, & AT SN E 259 AolE Bt Ae=(DC-1)9 &'

2E9AR7Re ofe /% AN proxy)E ol &3] BLF HuT Lew
%

7], 1,870 o]

(Mann and Jones., 2003; Moberg et al., 2005) 7] &3} %= A%<l
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stalagmite compared to northern hemispheric AMC records (red line) from
tree-ring study (red line). DACP= Dark Age Cold Period, CWP= Current Warm
Period.
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Appendix

Appendix 1. Carbon and oxygen isotope data for the stalagmite DC-1.

Length §1%0 §13C Length §1%0 §13C
(mm) (%,VPDB)  (%,VPDB) (mm) (%,VPDB)  (%,VPDB)
0.279 -5.44 -6.23 8.109 -6.11 -4.77
0.54 -5.67 -5.54 8.37 -6.31 -4.58
0.801 -5.59 -5.96 8.631 -5.99 -4.58
1.062 -6.22 -7.38 8.892 -5.99 -4.80
1.323 -6.14 -7.29 9.153 -6.31 -5.18
1.584 -6.22 -6.66 9.414 -6.27 -5.00
1.845 -5.78 -6.10 9.675 -5.98 -4.12
2.106 -6.08 -5.82 9.936 -5.38 -4.31
2.367 -6.11 -5.82 10.197 -5.91 -4.44
2.628 -6.36 -6.31 10.458 -6.26 -4.66
2.889 -6.28 -6.19 10.719 -5.67 -4.74
3.15 -5.90 -6.06 10.98 -5.91 -5.01
3.411 -6.25 -6.10 11.241 -6.15 -5.11
3.672 -5.85 -5.83 11.502 -5.86 -4.89
3.933 -5.48 -4.02 11.763 -6.14 -5.40
4.194 -5.49 -4.02 12.024 -6.09 -5.61
4.455 -5.97 -4.98 12.285 -5.70 -5.57
4.716 -5.97 -4.57 12.546 -5.77 -5.45
4.977 -6.11 -4.53 12.807 -5.84 -5.81
5.238 -6.35 -4.66 13.068 -6.07 -5.32
5.499 -6.21 -4.42 13.329 -6.23 -5.36
5.76 -5.70 -3.63 13.59 -6.05 -5.12
6.021 -5.73 -3.69 13.851 -6.39 -5.64
6.282 -5.89 -3.97 14.112 -6.31 -5.45
6.543 -5.73 -4.42 14.373 -6.34 -5.02
6.804 -5.73 -4.52 14.634 -5.99 -4.84
7.065 -5.60 -4.58 14.895 -6.21 -4.70
7.326 -5.86 -4.94 15.156 -5.75 -4.60
7.587 -6.01 -5.20 15.417 =5.77 -4.72
7.848 -5.84 -5.17 15.678 -6.22 -4.61
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Appendix 1. Continued.

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
15.939 -6.04 -4.37
16.2 -5.84 -3.98
16.461 -6.24 -3.96
16.722 -6.35 -4.02
16.983 -6.11 -4.05
17.244 -6.14 -4.07
17.505 -6.22 -3.85
17.766 -6.02 -4.28
18.027 -6.25 -4.10
18.288 -6.51 -4.22
18.549 -6.60 -4.17
18.81 -6.24 -3.97
19.071 -5.67 -3.48
19.332 -5.98 -3.75
19.593 -5.75 -3.99
19.854 -5.15 -4.10
20.115 -5.65 -4.82
20.376 -5.61 -4.96
20.637 -5.62 -4.73
20.898 -6.30 -4.64
21.159 -5.23 -4.34
21.42 -5.55 -4.55
21.681 -5.17 -4.14
21.942 -5.51 -4.27
22.203 -6.38 -4.59
22.464 -5.97 -4.14
22.725 -5.74 -4.72
22.986 -5.26 -4.73
23.247 -6.02 -5.37
23.508 -6.47 -6.03

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
23.769 -5.64 -6.08
24.03 -5.87 -7.45
24.291 -5.30 -6.25
24.552 -4.99 -4.56
24.813 -6.31 -4.06
25.074 -6.50 -4.46
25.335 -6.63 -4.99
25.596 -6.71 -3.63
25.857 -6.21 -3.53
26.118 -6.34 -3.86
26.379 -6.31 -3.97
26.64 -5.79 -3.73
26.901 -6.75 -3.92
27.162 -6.09 -4.22
27.423 -6.45 -4.35
27.684 -7.12 -4.56
27.945 -6.88 -4.67
28.206 -6.33 -4.81
28.467 -6.34 -4.90
28.728 -6.26 -4.86
28.989 -6.91 -4.71
29.25 -7.49 -4.66
29.511 -6.52 -4.63
29.772 -6.33 -4.56
30.033 -5.97 -4.25
30.294 -5.46 -4.47
30.555 -5.35 -4.54
30.816 -5.38 -4.51
31.077 -6.00 -4.63
31.338 -5.56 -4.52
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Appendix 1. Continued.

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
31.599 -5.67 -4.52
31.86 -5.09 -4.64
32.121 -5.23 -5.00
32.382 -6.21 -4.96
32.643 -5.88 -4.87
32.904 -5.86 -4.69
33.165 -6.15 -4.71
33.426 -6.21 -4.26
33.687 -6.38 -4.45
33.948 -5.94 -4.74
34.209 -5.93 -4.61
34.47 -6.62 -4.65
34.731 -6.62 -4.59
34.992 -6.33 -4.52
35.253 -5.35 -3.93
35.514 -6.46 -3.89
35.775 -7.12 -3.52
36.036 -6.20 -3.47
36.297 -5.96 -3.49
36.558 -5.58 -3.65
36.819 -6.05 -3.65
37.08 -6.08 -4.07
37.341 -7.01 -4.23
37.602 -6.73 -4.39
37.863 -5.80 -4.83
38.124 -6.42 -4.97
38.385 -6.74 -5.34
38.646 -5.95 -5.04
38.907 -5.92 -4.94
39.168 -5.83 -4.88

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
39.429 -5.96 -4.83
39.69 -5.84 -4.81
39.951 -6.16 -4.84
40.212 -5.88 -4.83
40.473 -6.32 -4.36
40.734 -6.08 -3.99
40.995 -5.68 -2.72
41.256 -5.63 -4.01
41.517 -5.34 -4.15
41.778 -5.23 -4.54
42.039 -5.98 -4.49
42.3 -5.97 -4.24
42.561 -5.72 -4.11
42.822 -5.53 -4.49
43.083 -5.91 -4.49
43.344 -6.76 -4.31
43.605 -6.99 -4.46
43.866 -6.05 -4.50
44.127 -5.60 -4.17
44.388 -5.40 -4.44
44.649 -6.09 -7.69
44.91 -5.78 -8.48
45.171 -5.84 -8.50
45.432 -6.14 -9.63
45.693 -6.39 -9.62
45.954 -7.96 -8.88
46.215 -6.08 -6.10
46.476 -5.87 -6.22
46.737 -6.33 -6.56
46.998 -6.24 -7.79
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Appendix 1. Continued.

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
47.259 -6.04 -7.20
47.52 -4.84 -6.56
47.781 -6.01 -6.80
48.042 -5.96 -7.09
48.303 -6.79 -7.55
48.564 -5.53 -7.74
48.825 -5.40 -7.60
49.086 -5.70 -8.57
49.347 -6.05 -8.64
49.608 -6.41 -8.60
49.869 -5.68 -8.92
50.13 -5.54 -8.78
50.391 -5.81 -8.61
50.652 -5.64 -8.99
50.913 -5.27 -9.10
51.174 -5.96 -8.94
51.435 -6.29 -8.99
51.696 -5.78 -8.72
51.957 -4.84 -8.61
52.218 -5.26 -8.48
52.479 -5.58 -8.52
52.74 -5.31 -8.59
53.001 -5.21 -8.86
53.262 -5.91 -8.85
53.523 -5.97 -8.95
53.784 -5.48 -8.94
54.045 -5.28 -8.83
54.306 -5.92 -8.81
54.567 -6.37 -8.91
54.828 -5.30 -8.96

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
55.089 -5.49 -9.65
55.35 -5.68 -9.42
55.611 -6.42 -9.10
55.872 -6.42 -8.69
56.133 -6.02 -8.94
56.394 -6.98 -9.21
56.655 -6.38 -9.33
56.916 -6.77 -9.45
57.177 -7.18 -9.53
57.438 -6.55 -9.38
57.699 -6.98 -9.53
57.96 -7.04 -9.02
58.221 -5.92 -9.23
58.482 -6.80 -8.87
58.743 -6.23 -9.03
59.004 -5.58 -8.79
59.265 -5.73 -8.75
59.526 -6.16 -8.81
59.787 -5.34 -8.89
60.048 -5.41 -8.72
60.309 -6.37 -8.27
60.57 -6.27 -8.29
60.831 -6.54 -8.37
61.092 -7.00 -8.31
61.353 -6.28 -7.80
61.614 -4.92 -7.84
61.875 -4.65 -7.16
62.136 -5.11 -7.18
62.397 -4.62 -6.23
62.658 -5.76 -8.02
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Appendix 1. Continued.

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
62.919 -5.96 -8.93
63.18 -5.85 -8.83
63.441 -5.99 -9.02
63.702 -5.66 -9.04
63.963 -5.75 -8.74
64.224 -6.10 -8.45
64.485 -6.27 -7.92
64.746 -6.36 -7.79
65.007 -6.53 -7.81
65.268 -5.84 -8.10
65.529 -5.32 -8.30
65.79 -5.10 -8.12
66.051 -5.18 -7.61
66.312 -5.52 -7.66
66.573 -5.24 -7.26
66.834 -5.80 -7.40
67.095 -6.11 -7.16
67.356 -5.64 -6.06
67.617 -6.01 -6.56
67.878 -6.38 -6.60
68.139 -5.66 -7.10
68.4 -5.71 -8.04
68.661 -6.09 -8.42
68.922 -5.26 -7.16
69.183 -5.36 -7.37
69.444 -5.34 -5.98
69.705 -6.12 -7.59
69.966 -6.29 -9.57
70.227 -5.72 -9.83
70.488 -6.11 -10.00

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
70.749 -5.96 -9.46
71.01 -5.74 -8.62
71.271 -6.09 -9.19
71.532 -6.70 -9.81
71.793 -6.49 -9.46
72.054 -7.48 -9.66
72.315 -6.66 -9.23
72.576 -6.15 -9.24
72.837 -5.50 -9.37
73.098 -7.03 -9.59
73.359 -6.34 -9.65
73.62 -6.61 -9.76
73.881 -6.56 -10.03
74.142 -5.41 -9.92
74.403 -6.02 -10.01
74.664 -6.83 -10.34
74.925 -6.46 -9.91
75.186 -6.84 -9.96
75.447 -7.10 -10.24
75.708 -6.96 -10.06
75.969 -7.33 -10.47
76.23 -6.60 -10.10
76.491 -6.63 -9.67
76.752 -7.28 -9.48
77.013 -6.14 -9.30
77.274 -6.32 -9.06
77.535 -7.35 -8.88
77.796 -6.09 -9.07
78.057 -5.62 -9.67
78.318 -5.88 -9.09
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Appendix 1. Continued.

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
78.579 -5.65 -9.27
78.84 -5.27 -9.25
79.101 -4.95 -9.51
79.362 -5.36 -9.87
79.623 -6.45 -10.15
79.884 -6.98 -10.50
80.145 -6.51 -10.31
80.406 -7.05 -10.03
80.667 -6.57 -9.86
80.928 -6.28 -9.71
81.189 -5.42 -9.62
81.45 -5.69 -9.69
81.711 -5.41 -9.59
81.972 -5.96 -9.71
82.233 -5.88 -9.75
82.494 -5.59 -9.90
82.755 -5.41 -9.84
83.016 -5.53 -9.90
83.277 -5.88 -10.08
83.538 -5.57 -9.92
83.799 -5.91 -9.93
84.06 -6.33 -9.93
84.321 -6.60 -9.92
84.582 -7.50 -10.22
84.843 -6.01 -9.49
85.104 -5.68 -9.66
85.365 -5.73 -9.48
85.626 -5.93 -9.81
85.887 -6.50 -9.71
86.148 -6.66 -9.69

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
86.409 -6.17 -9.32
86.67 -5.79 -9.08
86.931 -5.35 -8.98
87.192 -5.25 -8.85
87.453 -5.47 -8.64
87.714 -5.35 -8.77
87.975 -6.37 -8.97
88.236 -6.30 -9.06
88.497 -6.42 -9.10
88.758 -6.57 -8.94
89.019 -6.48 -9.08
89.28 -6.66 -9.04
89.541 -6.71 -9.03
89.802 -6.71 -9.21
90.063 -7.58 -9.17
90.324 -7.25 -8.86
90.585 -6.57 -8.86
90.846 -6.17 -9.37
91.107 -5.84 -9.56
91.368 -5.92 -9.83
91.629 -5.70 -9.55
91.89 -5.75 -9.62
92.151 -5.35 -9.67
92.412 -4.64 -9.73
92.673 -5.35 -9.62
92.934 -5.93 -9.77
93.195 -6.17 -9.41
93.456 -5.32 -9.67
93.717 -5.36 -9.96
93.978 -5.59 -10.31
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Appendix 1. Continued.

Length 8180 §19C
(mm) (%,VPDB)  (%,VPDB)
94.239 -6.02 -10.26
94.5 -5.73 -10.56
94.761 -8.15 -10.33
95.022 -6.83 -10.51
95.283 -6.17 -10.62
95.544 -5.88 -10.55
95.805 -6.09 -10.61
96.066 -5.95 -10.77
96.327 -6.39 -11.20
96.588 -6.04 -10.98
96.849 -5.68 -11.18
97.11 -5.76 -10.78
97.371 -6.10 -10.00
97.632 -6.07 -10.23
97.893 -5.79 -9.79
98.154 -5.67 -9.99
98.415 -6.37 -10.36
98.676 -6.16 -10.33
98.937 -6.78 -10.76
99.198 -5.71 -10.76
99.459 -5.18 -10.54
99.72 -6.04 -10.38
99.981 -6.08 -10.57
100.242 -5.99 -10.55
100.503 -6.32 -10.77
100.764 -6.40 -10.80
101.025 -6.03 -10.61
101.286 -5.19 -10.70
101.547 -5.23 -10.77
101.808 -6.13 -10.89

Length 8180 §1C

(mm) (%,VPDB)  (%,VPDB)
102.069 -6.65 -10.89
102.33 -6.12 -10.95
102.591 -5.57 -10.85
102.852 -6.06 -11.49
103.113 -6.73 -11.50
103.374 -6.43 -11.13
103.635 -6.21 -11.18
103.896 -6.25 -10.97
104.157 -6.29 -10.69
104.418 -6.19 -10.83
104.679 -5.63 -10.56
104.94 -5.06 -10.07
105.201 -5.54 -9.79

105.462 -5.52 -10.08
105.723 -5.51 -10.10
105.984 -5.57 -10.29
106.245 -5.29 -10.27
106.506 -5.37 -9.82

106.767 -5.31 -9.53

107.028 -5.16 -9.35

107.289 -5.86 -10.21
107.55 -4.69 -10.07
107.811 -5.34 -10.27
108.072 -5.00 -10.39
108.333 -5.97 -10.68
108.594 -6.27 -10.63
108.855 -5.55 -10.45
109.116 -5.87 -10.53
109.377 -6.06 -10.26
109.638 -5.51 -10.45
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Appendix 1. Continued.

Length 8180 §19C
(mm) (%,VPDB)  (%,VPDB)

109.899 -5.12 -10.69
110.16 -5.76 -10.73
110.421 -6.36 -10.57
110.682 -5.49 -10.69
110.943 -5.45 -10.32
111.204 -5.92 -10.40
111.465 -6.92 -11.06
111.726 -5.66 -10.83
111.987 -5.14 -10.88
112.248 -5.14 -10.70
112.509 -5.64 -10.75
112.77 -6.05 -10.66
113.031 -5.97 -10.64
113.292 -5.75 -10.44
113.553 -5.19 -10.43
113.814 -5.95 -10.73
114.075 -6.50 -10.16
114.336 -6.36 -10.70
114.597 -6.55 -10.78
114.858 -5.44 -9.98
115.119 -6.14 -10.09
115.38 -6.83 -10.22
115.641 -6.39 -10.20
115.902 -5.88 -10.29
116.163 -5.77 -10.17
116.424 -5.92 -9.66
116.685 -6.40 -10.06
116.946 -5.46 -9.87
117.207 -5.72 -9.81
117.468 -5.61 -9.55

Length 8180 §1C
(mm) (%,VPDB)  (%,VPDB)
117.729 -5.52 -9.77
117.99 -5.20 -9.69
118.251 -5.95 -9.64
118.512 -5.34 -9.68
118.773 -5.54 -9.67
119.034 -5.82 -9.84
119.295 -5.80 -9.96
119.556 -6.14 -9.97
119.817 -6.01 -9.96
120.078 -6.52 -10.19
120.339 -6.23 -10.30
120.6 -5.60 -10.15
120.861 -5.41 -10.17
121.122 -6.40 -10.48
121.383 -5.77 -10.54
121.644 -5.71 -10.79
121.905 -5.55 -10.75
122.166 -5.62 -10.72
122.427 -5.41 -10.63
122.688 -5.22 -10.85
122.949 -5.48 -10.85
123.21 -5.86 -10.70
123.471 -5.76 -10.70
123.732 -5.70 -10.73
123.993 -5.36 -10.83
124.254 -5.20 -10.70
124.515 -4.99 -10.61
124.776 -4.98 -10.38
125.037 -4.95 -10.25
125.298 -5.47 -9.99
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Appendix 1. Continued.

Length 8180 §19C

(mm) (%,VPDB)  (%,VPDB)
125.559 -5.49 -10.04
125.82 -5.50 -10.12
126.081 -5.39 -10.25
126.342 -5.23 -10.20
126.603 -5.37 -10.63
126.864 -5.81 -11.04
127.125 -6.17 -11.17
127.386 -5.83 -10.86
127.647 -5.76 -9.76

127.908 -6.03 -10.69
128.169 -4.98 -11.32
128.43 -5.87 -10.71
128.691 -7.24 -10.66
128.952 -7.75 -10.74
129.213 -7.20 -10.72
129.474 -6.05 -10.42
129.735 -5.69 -10.42
129.996 -5.54 -10.68
130.257 -5.49 -10.65
130.518 -5.90 -11.38
130.779 -5.76 -11.47
131.04 -5.83 -11.27
131.301 -5.50 -11.21
131.562 -6.10 -10.85
131.823 -5.88 -10.74
132.084 -5.45 -10.71
132.345 -5.21 -10.51
132.606 -4.97 -10.39
132.867 -5.07 -10.16
133.128 -5.37 -10.11

Length 8180 §1C

(mm) (%,VPDB)  (%,VPDB)
133.389 -4.77 -10.10
133.65 -4.82 -10.07
133.911 -5.00 -10.31
134.172 -5.25 -10.06
134.433 -5.62 -10.13
134.694 -5.65 -10.01
134.955 -6.33 -9.91

135.216 -5.66 -10.26
135.477 -5.27 -10.39
135.738 -4.96 -10.40
135.999 -4.95 -10.58
136.26 -5.10 -10.47
136.521 -5.44 -10.55
136.782 -5.66 -10.75
137.043 -5.63 -10.83
137.304 -5.75 -11.00
137.565 -6.22 -11.14
137.826 -5.90 -10.72
138.087 -5.75 -10.58
138.348 -6.12 -10.63
138.609 -5.99 -10.51
138.87 -5.73 -10.56
139.131 -5.69 -10.32
139.392 -5.52 -10.62
139.653 -5.65 -10.58
139.914 -5.29 -10.51
140.175 -5.39 -10.63
140.436 -5.71 -10.87
140.697 -6.13 -10.87
140.958 -6.10 -11.04
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Appendix 1. Continued.

Length 8180 §19C
(mm) (%,VPDB)  (%,VPDB)
141.219 -5.72 -11.32
141.48 -6.05 -10.94
141.741 -5.95 -11.10
142.002 -6.33 -10.86
142.263 -5.88 -10.44
142.524 -6.04 -10.26
142.785 -6.74 -10.29
143.046 -6.42 -10.07
143.307 -6.04 -10.25
143.568 -6.15 -10.37
143.829 -6.58 -10.35
144.09 -6.31 -10.16
144.351 -6.01 -9.93
144.612 -6.40 -9.91
144.873 -6.51 -10.09
145.134 -6.79 -10.52
145.395 -6.08 -10.11
145.656 -6.14 -8.47
145.917 -7.06 -6.73
146.178 -6.86 -7.48
146.439 -5.96 -7.92
146.7 -5.85 -8.19
146.961 -6.69 -8.71
147.222 -6.48 -8.53
147.483 -6.38 -8.71
147.744 -5.98 -8.96
148.005 -5.83 -9.02
148.266 -5.86 -9.12
148.527 -6.38 -9.18
148.788 -6.68 -9.53

Length 8180 §1C

(mm) (%,VPDB)  (%,VPDB)
149.049 -6.92 -9.82

149.31 -6.28 -9.87

149.571 -6.83 -9.79

149.832 -6.43 -9.89

150.093 -5.57 -10.60
150.354 -5.25 -10.79
150.615 -5.77 -11.06
150.876 -6.31 -10.93
151.137 -6.64 -11.01
151.398 -5.88 -11.14
151.659 -6.04 -11.05
151.92 -5.87 -10.88
152.181 -5.70 -10.98
152.442 -6.05 -10.92
152.703 -7.17 -11.31
152.964 -6.06 -10.97
153.225 -5.71 -11.09
153.486 -5.70 -10.44
153.747 -5.16 -10.54
154.008 -4.88 -10.74
154.269 -5.28 -11.07
154.53 -5.45 -10.80
154.791 -5.89 -11.05
155.052 -5.41 -10.90
155.313 -5.68 -10.73
155.574 -5.49 -10.48
155.835 -5.75 -10.62
156.096 -4.76 -10.07
156.357 -5.09 -9.87

156.618 -4.98 -10.36
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Appendix 1. Continued.

Length 8180 §19C

(mm) (%,VPDB)  (%,VPDB)
156.879 -4.95 -10.68
157.14 -4.91 -10.89
157.401 -4.80 -10.73
157.662 -5.18 -10.69
157.923 -5.32 -10.37
158.184 -5.87 -10.39
158.445 -5.96 -10.39
158.706 -5.71 -10.78
158.967 -5.58 -10.85
159.228 -5.75 -10.39
159.489 -5.95 -10.30
159.75 -5.55 -10.23
160.011 -4.93 -10.03
160.272 -5.04 -10.32
160.533 -4.93 -10.47
160.794 -5.15 -10.06
161.055 -5.43 -9.95

161.316 -5.21 -9.70

161.577 -5.29 -10.02
161.838 -5.58 -10.42
162.099 -5.76 -10.45
162.36 -5.93 -10.33
162.621 -5.45 -10.38
162.882 -5.27 -10.79
163.143 -5.22 -10.70
163.404 -5.99 -10.80
163.665 -5.42 -10.54
163.926 -5.91 -10.70
164.187 -5.41 -10.79
164.448 -5.43 -10.91

Length 8180 §1C
(mm) (%,VPDB)  (%,VPDB)

164.709 -4.83 -11.00
164.97 -5.54 -10.93
165.231 -5.96 -10.76
165.492 -5.88 -10.77
165.753 -6.56 -11.14
166.014 -5.77 -10.97
166.275 -6.04 -11.02
166.536 -6.26 -11.54
166.797 -5.94 -11.69
167.058 -6.38 -11.82
167.319 -5.77 -11.72
167.58 -5.75 -11.69
167.841 -5.80 -11.77
168.102 -5.70 -11.57
168.363 -5.91 -11.70
168.624 -6.28 -11.69
168.885 -5.99 -11.63
169.146 -5.34 -11.38
169.407 -6.05 -11.96
169.668 -6.47 -12.14
169.929 -6.91 -11.88
170.19 -5.97 -11.71
170.451 -5.65 -11.77
170.712 -4.83 -11.69
170.973 -4.63 -11.57
171.234 -5.73 -11.36
171.495 -6.23 -11.33
171.756 -5.75 -11.34
172.017 -6.11 -11.37
172.278 -5.65 -10.94
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Appendix 1. Continued.

Length 8180 §19C

(mm) (%,VPDB)  (%,VPDB)
172.539 -5.82 -10.86
172.8 -5.29 -10.66
173.061 -5.88 -11.18
173.322 -4.76 -10.75
173.583 -4.92 -10.80
173.844 -4.92 -10.72
174.105 -5.43 -10.58
174.366 -5.51 -10.62
174.627 -5.19 -10.49
174.888 -5.89 -10.72
175.149 -6.15 -10.77
175.41 -5.94 -10.65
175.671 -6.25 -10.62
175.932 -5.66 -10.82
176.193 -5.47 -10.87
176.454 -5.66 -11.36
176.715 -5.42 -10.85
176.976 -5.58 -10.90
177.237 -5.34 -10.94
177.498 -5.48 -10.84
177.759 -6.02 -10.59
178.02 -6.05 -10.74
178.281 -5.74 -11.10
178.542 -6.05 -10.64
178.803 -6.42 -10.46
179.064 -5.86 -11.05
179.325 -5.91 -11.06
179.586 -5.79 -10.79
179.847 -5.45 -10.93
180.108 -5.40 -10.90

Length 8180 §1C

(mm) (%,VPDB)  (%,VPDB)
180.369 -5.32 -11.01
180.63 -5.31 -11.13
180.891 -5.27 -11.16
181.152 -6.01 -11.36
181.413 -5.86 -11.32
181.674 -5.74 -11.32
181.935 -5.89 -11.06
182.196 -5.65 -11.12
182.457 -5.99 -10.60
182.718 -5.99 -10.69
182.979 -5.73 -10.51
183.24 -5.74 -10.35
183.501 -5.01 -10.06
183.762 -5.40 -9.94

184.023 -5.84 -10.44
184.284 -5.84 -10.43
184.545 -6.31 -10.59
184.806 -5.81 -10.28
185.067 -5.81 -10.21
185.328 -5.98 -10.13
185.589 -5.33 -10.32
185.85 -5.27 -10.36
186.111 -5.41 -10.44
186.372 -5.59 -10.49
186.633 -5.18 -10.38
186.894 -5.29 -10.02
187.155 -5.27 -10.40
187.416 -5.25 -10.12
187.677 -5.58 -10.13
187.938 -6.21 -9.91
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Appendix 1. Continued.

Length 8180 §19C
(mm) (%,VPDB)  (%,VPDB)
188.199 -5.96 -10.27
188.46 -4.69 -9.40
188.721 -4.81 -9.28
188.982 -5.11 -9.59
189.243 -5.54 -10.18
189.504 -5.40 -9.96
189.765 -5.35 -10.14
190.026 -5.48 -9.70
190.287 -5.55 -9.29
190.548 -5.07 -9.38
190.809 -5.04 -9.25
191.07 -4.89 -9.42
191.331 -5.24 -9.81
191.592 -5.60 -10.08
191.853 -6.00 -10.40
192.114 -5.73 -10.50
192.375 -6.10 -10.41
192.636 -5.62 -9.79
192.897 -5.10 -10.21
193.158 -5.28 -9.92
193.419 -5.53 -10.12
193.68 -6.06 -10.33
193.941 -6.09 -10.29
194.202 -5.99 -10.58
194.463 -6.11 -10.48
194.724 -5.42 -10.04
194.985 -4.88 -10.10
195.246 -5.16 -9.66
195.507 -5.74 -10.36
195.768 -6.23 -9.15

Length 8180 §1C
(mm) (%,VPDB)  (%,VPDB)
196.029 -6.45 -10.63
196.29 -5.63 -11.13
196.551 -6.00 -11.21
196.812 -6.14 -10.62
197.073 -6.48 -10.66
197.334 -6.47 -10.79
197.595 -6.09 -10.67
197.856 -5.99 -10.12
198.117 -6.07 -9.91
198.378 -5.91 -9.81
198.639 -5.74 -9.06
198.9 -5.35 -8.77
199.161 -5.66 -9.20
199.422 -5.12 -8.60
199.683 -4.82 -8.84
199.944 -5.00 -8.60
200.205 -4.99 -8.74
200.466 -4.94 -8.87
200.727 -5.28 -8.81
200.988 -5.76 -8.99
201.249 -5.85 -9.85
201.51 -5.43 -9.31
201.771 -5.99 -9.50
202.032 -5.79 -9.56
202.293 -5.40 -9.73
202.554 -5.40 -9.79
202.815 -4.94 -9.27
203.076 -5.01 -9.35
203.337 -5.42 -9.70
203.598 -5.55 -9.14
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Appendix 1. Continued.

Length 8180 §19C
(mm) (%,VPDB)  (%,VPDB)
203.859 -4.69 -8.34
204.12 -5.71 -9.19
204.381 -5.51 -9.53
204.642 -5.29 -9.61
204.903 -5.01 -9.59
205.164 -5.07 -9.37
205.425 -5.69 -9.70
205.686 -5.66 -10.05
205.947 -5.78 -9.81
206.208 -5.71 -10.23
206.469 -5.25 -10.36
206.73 -5.89 -10.20
206.991 -5.87 -10.18
207.252 -6.00 -10.20
207.513 -6.81 -10.50
207.774 -6.44 -10.39
208.035 -6.15 -8.98
208.296 -6.71 -6.95
208.557 -6.53 -7.44
208.818 -6.63 -8.40
209.079 -7.39 -7.97
209.34 -7.21 -6.84
209.601 -6.17 -7.39
209.862 -6.51 -7.81
210.123 -6.52 -8.19
210.384 -6.45 -8.78
210.645 -6.59 -9.76
210.906 -6.78 -9.68
211.167 -6.73 -9.23
211.428 -6.78 -8.86

Length §1%0 §13C
(mm) (%,VPDB) (%, VPDB)
211.689 -6.50 -8.88
211.95 -6.55 -8.41
212.211 -6.38 -7.73
212.472 -6.51 -7.11
212.733 -6.65 -7.51
212.994 -6.81 -6.83
213.255 -7.33 -7.36
213.516 -7.54 -6.52
213.777 -7.04 -6.09
214.038 -7.36 -6.38
214.299 -7.79 -7.06
214.56 -6.76 -6.79
214.821 -6.94 -6.50
215.082 -7.35 -6.08
215.343 -6.87 -5.56
215.604 -7.31 -6.06
215.865 -7.36 -6.81
216.126 -7.33 -7.08
216.387 -6.98 -6.74
216.648 -7.12 -5.73
216.909 -7.59 -5.56
217.17 -7.64 -4.35
217.431 -7.50 -4.33
217.692 -7.23 -5.52
217.953 X X

218.214 -7.11 -5.11
218.475 -6.30 -5.56
218.736 -6.59 -4.97
218.997 -6.64 -4.31
219.258 -6.77 -4.49
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Appendix 1. Continued.

Length 8180 §19C
(mm) (%,VPDB)  (%,VPDB)
219.519 -7.30 -4.60
219.78 -6.88 -4.38
220.041 -7.56 -4.19
220.302 -6.43 -5.69
220.563 -6.75 -6.81
220.824 -7.33 -7.34
221.085 -7.26 -6.58
221.346 -7.13 -7.22
221.607 -6.79 -7.16
221.868 -6.77 -8.13
222.129 -6.73 -6.72
222.39 -6.75 -7.67
222.651 -6.75 -7.83
222.912 -7.03 -8.58
223.173 -5.85 -9.27
223.434 -6.15 -9.44
223.695 -6.28 -9.54
223.956 -7.12 -9.68
224.217 -6.42 -10.75
224.478 -5.95 -11.22
224.739 -5.79 -11.61
225 -6.18 -11.96
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Late Holocene paleoclimate reconstructions using the
textural and geochemical compositions of the stalagmite
(DC-1) from the Dangcheomul Cave, Jeju Island.

Hong, Seok-Woo

Department of Geology

ABSTRACT

Dangcheomul Cave is a lava tube cave located in northestern part of Jeju
Island, but contains numerous carbonate speleothems due to overlying
carbonate dune sands. Because this cave is located very close to the surface
and intimately affected by climate changes outside, the stalagmite in this
cave can be used as a good paleoclimate proxy. Late Holocene paleoclimate
changes were inferred based on uranium-series dating, textural
characteristics and geochemical compositions of the 225 mm-long DC-1
stalagmite by comparing with coeval Northern Hemispheric AYC record by
solar activity.

Based on *Th/”*U dating, four age data were obtained from the bottom
of the stalagmite (2,741+200 yr BP from 57.2 mm, 1,950+117 yr BP from
184 mm, 1,332+57 yr BP from 2151 mm and 589+107 yr BP from ?215.1
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mm). The radiocarbon age of the paleosol layer within overlying carbonate
sand dune is 4,450+30 yr BP. Because this paleosol was developed after the
deposition of carbonate sands in this area, the growth of stalagmite should
have started to grow after 4,450+30 yr BP.

The stalagmite DC-1 is composed of columnar calcite, and numerous
growth laminae are present. The density of the growth laminae is indicative
of the amount rainfall in this region. Therefore, five types of calcite texture
can be divided based on growth rate, spacing between laminae and fluid
inclusion density. Type [ has the average spacing of growth laminae of
0.025 mm and the narrowest spacing indicates the slowest growth rate
whereas Type V has the widest spacing of 0.42 mm indicating the fastest
growth rate. It appears that the spacing of growth laminae is intimately
related to the amount of rainfall together with carbon isotopic compositions.
Thus, coordinated textural and geochemical data can be used for
paleoclimatic reconstruction.

Stable isotope data show that carbon isotope values clearly demonstrate
the climatic changes during the growth of the DC-1 stalagmite, however
interpretation of oxygen isotope data is still problematic. It is especially
notable that carbon isotopic compositions of the stalagmite correspond very
well to Northern Hemispheric AYC record. Carbon isotope trend coincides
very excellently with sun spot activities for the past 2000 years showing
the close relationship between the abrupt decrease in §¥C values together
with textural results and the minimal periods of solar activities (Oort
minimum, Wolf minimum, Sporer minimum, Maunder minimum, and Dalton

minimum). Periods of low solar activities are thought to result in dry
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climate. Also, carbon isotope values and AMC records are highly fluctuating
during the Little Ice Age, and this period is also characterized by more
abundant abrupt climate changes under drier climate. Thus, it appears that
past short-term climate changes are also well reflected from carbon isotope

compositions of the stalagmite DC-1.
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