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29 FZANGE W BT EA2 F5 Y4 E vjFda 2T A dASte DT 17]F ATl FHYsHA &8
H1 9tk o= B8t 2 52 E tid dg 54 dFAMEe SAHeR B bt glo, o]& 8% A7
AR A o|ct. o] AFAE F=2H & o|A AR U] E47]H(confocal laser scanning microscopy; CLSM)-Z& E-8-31¢] 4
= H&(0G1)9] Wy EAJES Hu1sta, o] F o] 83 17|F AFE9 H87MeAS AESAT ¢ 0G12 i g A T3
HE gNeh B 9 24 4% gl tel AE o2 U 5AS ol W uet vt g o] R W FFY 12
& T BESIL itk 2 EC] B 4L 7] HalMe EFVIY 47180] 52 WREE ol5E WEY 252G HE
7t asty] g, OGlof|A T =L gules stz g U A&7t 34 JFEHe 9488 97] 5 34D 22
st ojH A7 A F A& IE EAS B3 A ZAY A A 1 3 HIlol gt AR E HET 4 S-S A
AlBhaL, ob& e g S L83 FHAA AdiEH 7ol HEE = IS AARRth

F00]: A2, WY, MM, 22, 1|2

ABSTRACT: Luminescence properties in speleothems have been widely used for high-resolution paleoclimate studies combined with stable
isotope and trace element records. However, luminescence in Korean speleothems has not been reported before, and there is no research on
it. Here, we describe luminescence properties of a stalagmite (OG1) from Okgye Cave, South Korea, using confocal laser scanning microscopy
(CLSM) and discuss its applicability for the paleoclimate research. The stalagmite exhibits lithology-dependent luminescence properties,
including crystal habit, and preserves luminescence lamination consisting of couplets of bright and non-luminescent bands. Based on previous
reports, luminescence in speleothems is mostly caused by sufficient water infiltration to transport soil-derived organic matter into the cave.
Therefore, the bright luminescent band in OG1 would have formed during summer rainy season, when extreme rainfall events occur over
the Korean Peninsula. This study suggests that luminescence properties of Korean speleothems may provide information on seasonal
paleoclimatic changes during the growth, and can also be used to improve geochronological uncertainty with an incremental age dating method.
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5 SN EY R g = AL B THA
she] AR7I9E AR o) ek W] Lt
. @AZR 9] Aol ot =P E WA g
do7|= =8L T2 A EYA R 1= &
F 952l (humic substance)Q] A2 &= It White
and Brennan, 1989; Shopov et al., 1994). FYUEZS 5
42| Balpgel ) AYEE TRA G715E R, 3
B&0] & WS (aromatic ring) FEE T/ H o]
9101 oUA|S] Foroh e WhS A 9S WAlehE 54 S
™k Senesi et al., 1991).

F|Zoll= F=(cave drip water)?] FF SUEY &
418 %) 2Tl lignin) 7 2 A protein-like) B 4
87} BRET glo] FRALES) W Wio] eyt &
Y22 7)1 9a Aeo] W1 SIrkBaker and Genty,
1999; Pearson et al., 2020; Sliwinski and Stoll, 2021; Endres
et al., 2024). o]9} Zro] ¥ £ Ad {-7]3}jHE°] A
Sl toll 20| A} E 43 A2 B0 B
T A, FFgol ZE frlEC] F2E 2H A
zbe|o] kg FAto] VebE 4= QIth(Hartland et al., 2012).
S2UYE) U B4 UMz E 51 © Ase 4
B3} 3 Wttty R 1% v @) om(Orland ef al., 2009;
Zhang et al., 2018; Batchelor et al., 2023), 2= EAT 5

ZwERl Bestels 2ol Alle] PAS sershs
AE 17]% WIS sl 45k o Eds] -85 ik

Baker et al. (1993)2 28459 42 S oA &3
7o) 27159l MekE Uehis M3 G5 e P&(umi-
nescence lamination)S R 15}, LA dAi&A 2
e gy FAIE Ay vlwste] FAYA AiSAH 7
(incremental age dating method)2] 27+ n}23s}7| = 3}
Stk BAIA F2AE S Wt = A3A AhEH7]
HE AU 23] sit=E 9 AedE A7) 9
3] o2 A=) FLE L JeH(e.g., Li et al., 2017; Rossi
et al., 2018), ol]| H&] WFu o] FAE SAsl] 1L7|F
IZEAZ E-85 H} It (Polyak and Asmerom, 2001; Baker
et al, 2015). TR, FRYGEC] PP HT BAE
of wo 2 44 um SAHES] R W njkele
240] F5IAIEA TE ol Fol2]7] of2igd A
3t 74§ 2= sfiAel 719517 % sFTH Treble
et al., 2007; Smith et al., 2009).
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AAY7HA] Hae S EY] gy 2 Yol ¥
Ax= g el WS WA FAY ot vjig w7} o9
TRA o R WHEEE E4S Helrh o] A4 ARgsE
= s2AEY I s ol e ARATE
oA dukd oz AREEI Q= P& ‘luminescence (or
fluorescence) band’& HYE Ao, o] AP A1E=9
A B e A geke dhel glo] Be E8o] ojso]
A3l Q= AA o), 1 of| 24, Baker ef al. (1993)T} Tan
et al. (2006)9] 739 Wy o} v 3w E TS5t ‘lumi-
nescence band’2+xl &3t WHH, Dasgupta et al. (2010)
2 “fluorescent band’2} ‘non-fluorescent band’ &= -8-0]
S AR RN Ot o HES] sk3l o] dto]l
AL X AHS AFH o g g@st 34 J1AEY)
E5h& 957 flaf g w e} HEg ) e golE A
BRIt wEbA o dtoflA] G = AP A-SellA
AREE 80] 3 fluorescent, bright (or light) fluorescent band
(Orland et al., 2009) 53} TZo]n, ‘v]gdu]’ = non- (or
dark, dim, weaker, mildly) fluorescent band (Batchelor et
al., 2023) T3} 4otk 919 &2 FES WFw e} i
Fo 2 A2zt olf= ‘ol T g 2 ofgh g
So] FEALE WE FHRTh: 7eke HAY o=
7] SIFolt). o] ATolAE Weanie} u S g
o2 5| Yol Y& ‘luminescent band couplet (Batchelor
et al., 2023)& W Hsto] “dgu] A olgh= ojF AN
shdet. Eah olel g ] o] AL el HE RS o
oA ‘luminescence lamination’ 22 F&HSIF L, 0]
Wl QAToIAE HHeH Golg Agsie] R 3o 7
=2 T3y},

T, vk Bekanl ool d BT FIAYEe
Fo8 2= APA=ol s £HE dark brown lay-
er (Frisia et al., 2003), dark layer (Belli et al., 2013), thin
brown layer (Borsato et al., 2007) 53} translucent calcite
layer (Frisia et al., 2003; Borsato et al., 2007)2] Q=%
AT F22 EQYR| ORI o] AFoA= HAAE AT
o §lof 71& = At=EolA AREE B Sl A
2 AR o 72 AHIH O (Woo et al., 2004), TA=
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WA} o] B 2102 el Itk Woo ef al., 1999;
Choi et al., 2003). 32 YHo) xol &l = ol 12
ALt Z+2F 10.2~11.5C 9], 90~100%E A= A
SH| fAIEH, 52 ti7] F olilEleta: s 52
WEZ 2442 =ofxE= AES B2t Woo ef al., 1999).
Q7|20 2 HE] AZ02 5.8 km Hoj ol 7 4k
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Fig. 1. (a) Location of Okgye Cave (star) in the Eastern region of South Korea. (b) A plan view of Okgye Cave (modified after
Woo et al., 1999). The sampling location is also indicated. (c) Monthly averages of precipitation (grey bars) and temperature (black
line with dots) in Sapdangnyeong weather station. These data were collected over 20 years (2003-2023).
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calcite; CCC)Z 25w Apole] F3Fo] £ Ae 74
H-l 4 (open columnar calcite; OCC)o] IHaHE th(Kendall
and Broughton, 1978; Frisia, 2015; Perrin et al., 2022) (L
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AZE 71202 ARTL7H0-64 mm)T} SHEL7H64-128 mm)
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Fig. 2. Stalagmite OG1 from Okgye Cave. (a) A cross-section of the OG1 cut parallel to the growth axis. (b)~(e) Thin section
polarizing microscope images in upper part (PPL; b, XPL; ¢) and lower part (PPL; d, XPL; e). The OG1 consists of alternating
couplets of translucent calcite layer and growth line. Arrows indicate open columnar calcite (OCC). (f) Details of compact columnar
calcite (CCC) and open columnar calcite (OCC). Columnar calcite has straight crystal boundaries, and those with dense crystal
boundaries are CCC, and those with inter-crystalline pores or inclusions are OCC. (g) CLSM image of panel f, showing contrast
in luminescence intensity and shape between the two calcite growth types.



22 22 MRUM LTS L
A3 2UsH Vet
4.2 $YEN

N& 0G19) W BAL BT 2, 2o WY J=
(1,000~5.000 a.u.yE ZH= el L Wi 74(0-2,000
a.u)E ZHe 0l oS FA A0 sl TR

HIth(1¥ 2g, 3a, 3b). E3}, A=9] WaljA A 5 o4
FESH 5o ne} ok 2 g 540 Yehdtt dlE E
o], OCC7} AAgt 7+ bz o &2 CCCof u|&| By
Aerh won, H7] e wgulrt IFHEHIE 2f,
2g).

A Ao} shRATo] AR T2 QFAsHE
£ AN v 2, 43 'S 34 ARt shE7te
2 FET 5 ok AReA s gt v
H|3to] GFA|TE w9 S=3351A] Uehe, o]#dt EX2 1
g a0l A wgu] o] Wsg e Wslh 33 F33 WA
S HolE A0 2T EQI% 4= Q)r}. Tk AR 7oA &
e wgas ggdAn) g oA A aeto] Erbsdt

RN

S
!
e

\v‘ " 4

i
¥
4

=l
X

S HFZ9 HEIsY 67

TR At B, W o] 1) Al
et A3 FASHTY 3a, 4a). 0|9} rmos
SRR AL 7k A B lgo] ot 77 A
7hS WS WEl1 3b). SRR A%, 29 3b
o4 Mol uhe} o] AR $IX7} MW S =
She R0 Sluy), ol AgAlo] Wet A5}
L ARRTZR) W el ApebEc

5.E9
5.1. && E40| 2 2101

SIYNB] WY 9B TRE AN AFESAS
(Baker et al., 1993; Proctor et al., 2000), %= =(Baker
and Genty, 1999), 2#]|?1(Rossi ef al., 2018; Sliwinski and
Stoll, 2021; Endres et al., 2024), =2 ¢|o](Linge et al.,
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Fig. 3. Examples of couplets of growth line and translucent calcite layer (left), luminescence lamination (center), and luminescence
intensity along the growth axis (right) observed in stalagmite OG1. (a) Growth lines in the upper part are typically showing faint,
and in some cases, barely visible. Bright luminescent bands are evident, and their positions are well aligned with growth lines.
(b) Growth lines in the lower part are dark and thick. Translucent calcite layers exhibit bright luminescence, while the darkest

parts of the growth lines are not luminescent.
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A= Aoz =EA RuET YchMeyer et al.,
2009; Rossi et al., 2018; Baker et al., 2021). &, S53t
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I o]} FAof| A WE A 2= WAL A
oA F714<1 dFwrt Y42 7HsAdol =rHBaker et
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A Y AFAZE 223 B 3 5EC| FH I8 &

l

a

( ) Translucent calcite layer
Growth line

(b) Translucent calcite layer

&3th= JAS AAEHIT B o2 He 4EE
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HE JFEeet il 22 FF0] FHEdY s 2
3 Z=E AaARvs 314 mdto] thsf g3t v Aok
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et al., 1994; Baker et al., 1996), FAFSE 27 St A= X
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AR /| BEE W A5 4R e e 3
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o A olol Folsie] o2 AnAE SRR 1
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A g el ado] AR dAIske Z(TH 3a, 4a)2 F

frgo] YT ARl FAHANTS AT Tguet
AL 247 7] {718 ol Es ZsHH(Borsato
et al., 2007; Belli et al., 2013), 0|9} & EoF 7|19 £
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Fig. 4. Two patterns of luminescent band couplets (right) observed from the upper part (a) and lower part (b) of stalagmite OG1.
Note that the difference in growth line thickness between the two patterns in the right panel. The pattern in OG1 gradually changes

from (b) to (a) along the growth axis.
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Wb CCCSHOCCHF M2 ThE W E42 Holt RS
Hgeo] g ol wet 27 4% ST U S4o) o
7 sk 4 Itk 2S AAE

1 EM0| TJ|SEN BE

H
=
M2 OGIoIA The- SgtahA) BAwe W) 4L
7k 7719k 9712 2 1A A=) i T 4 4

M o NN

ABHA eskeh ZPRhE e e At el

S1H 85 1S $120| HEJlss 69

H|3 HE52 3ThE oL Jest Ao 240] 7
A0 2 7|tjEt). Yolrt gt A EAo] upgho] Eof
A|3fetA fA1S 3shE ATt s = WA 2o AE 8
A= 17|55 BYst= H 71T A= 7 Hr

3HE, Hg W o] Tl A A7 AE Aldtel 28§
d 5 9len I AA R W= Z]A] ARmo|th 24
HAEY ALEL 25, 5T, 52 H7] olietda 55,
8|3 FEss] ol T 53 2ol 52 YRy
E235He g7 W3l oJsf 2dEE= Ao= dA 3l
o, olo] wzt FE2HAHEY AAEC] A FAY 7%
IS HHdRtthal s Eo] It e 17| S A2 A &
£5]0] gt Dreybrodt, 1999; Proctor e al., 2000; Polyak
and Asmerom, 2001). Baker et al. (2015)2 Uamh an Tartair
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