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U AZAA BEEs= ¥ FZE(Sorted Circles)ol] thjgk
OSL 5748 H&7FeA A+

e E Y] Y A= WekEE A7) W A7 TS} P ol dfigh= tlo 583 FRE AlFgltt. 6}
Aok, AthEA it B EZRE AT YL AdEH o] 7Hee FAz AR Y A7 A e AL
ol7] i 2of, @2 Z$ WstEHE] g 2542 EFH A& AE AY L Ut} ool EHEY
9] 4GS ARE-5H7] "ol Ak Al &2 9] Aste] A 2] 1= OSL(Optically Stimulated Luminescence) St &%
Hel QoAM= WetEHE 2FH A FUAY] OSL 237} ElZQ 3 Fof 2HsHA A AR gkot OSL A

3237 AA BRI R e E AHE X ASh= F-7F Eoh SA W] Hekstk oA EEE 3=
9] 2o 2H-3 5 E THESIHA 1 ES AR 8559 YAVt A, 30 E £33 5= F
71 lem, O Autg 7|7t F A4 2 AZEo] WRY AlEd dAEE B dF R E(sorted
circle)gh= EAAQ A F L& Yeh}r| = 3ith wety], dF TR ES FAIY ¢ WotE HEYAE] &
2 ohe Qo] o] Ho] 7]E2] OSL A5 71 AAE 7]57F 27] f&oll, thE Wt A& vl A4
© 2 OSL duigAol A8 A& A=) o] 7HS &Isr] flste], ) 2A4(King George Island)
ME7NA Aol £Edt= F /1Y YFFREEITIE 41 m 966 m)of| A A 2E AT &, AFUAE £
g3te] OSL AddiESA 7FedS AES AFAT A2 4FUAES dvrd e DA A EH(SART)
& Fgato] AP = B2 57 equivalent dose)S Z75H7] o F2 33 OSL A4S HLAth ol & &9, A
e H9YAe OSL Az o= OSL A&l AME-El+= fast OSL component”} EA5}A] gh=t}. E3H,
LM-OSL3} CW-OSL Al&5 ARE-3F dose recovery testo] 4] A3 A ZAEFo| oF 10 % A= HAH 7= Q)
LN ENER O R EHH FUHAFY 7 EA-2 18+1 GyQaL, o8 o E 3 OSL At Zd= 11+1 ka
22X, o= HA=AE MF71A A9 WokFEZF Holk 11£] ka o] - AotE 73S <nl gt

F0: 9FP L2 E, OSL dj&A, W35 &, =715, 718 F, medium OSL component

Jeong-Heon Choi, Hyoun Soo Lim, Ho Il Yoon, Chang-Sik Cheong, Chang-Bock Im, Jong-Wook Kim and
Ho-Wan Chang, 2008, Optical Dating of Sorted Circles in King George Island, Shetland Islands, West
Antarctica as a Potential Time Marker for Local Glacier Retreat. Journal of the Geological Society of
Korea. v. 44, no. 4, p. 523-539

ABSTRACT: During the deglaciation period, the glaciers dump till sediments as they melt away, thus the deposi-
tional ages of these sediments provide important information on the timing of glacial retreat(the initiation and the
duration of the local deglaciation). However, in many cases, direct dating of till sediments is not readily possible
because of a lack of suitable material for conventional dating methods, except where e dating is applicable. In
addition, optical dating on these sediments has not been always successful because most glacigenic deposits usually
have little chances of being exposed to sufficient sunlight, which results in significant overestimation in optical
ages. The till sediments, however, sometimes form a diagnostic geomorphic structure, referred to as sorted circle,

' Corresponding author: +82-42-865-3553, E-mail: jhchoi@kbsi.re.kr
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through repeated freeze-thaw cycles on flat areas in polar regions. In the course of its formation, the soil particles
in the active layer may move up and down actively, and therefore some of these particles are presumed to have
chances to be exposed to sufficient sunlight for the latent OSL signals to be completely bleached, which is one
of the most important prerequisite process for reliable optical dating. To test this hypothesis, we collected sediment
samples from two sorted circles at the elevation of 41 m and 66 m in King George Island, South Shetland Islands,
West Antarctica. Quartz grains extracted from these sediments have various undesirable OSL properties for routine
SAR-based optical dating. For instance, the OSL signals of those quartz grains do not have fast OSL component
that is the usual signal for optical dating. In dose recovery test using both LM-OSL SAR and conventional SAR
procedure, the recovered doses were lower than the given dose by about 10 % or less. The OSL age obtained on
the basis of weighted mean D, value of 18+1 Gy was 11+1 ka, which implies that the deglaciation near King Sejong
station may have occurred before 11+1 ka.

Key words: sorted circle, OSL dating, deglaciation, equivalent dose, weighted mean, medium OSL component

(Jeong-Heon Choi and Chang-Sik Cheong, Division of Earth and Environmental Science, Korea Basic Science
Institute, Daejeon 305-333, South Korea,; Hyoun Soo Lim and Ho Il Yoon, Center of Climate Sciences, Korea Polar
Research Institute, Incheon 406-840, South Korea; Chang-Bock Im, Safety Technology Division, Korea Institute
of Nuclear Safety, Daejeon 305-338, South Korea, Jong-Wook Kim,Department of Geography Education, Seoul
National University, Seoul 151-742, South Korea; Ho-Wan Chang, School of Earth and Environmental Sciences,
Seoul National University, Seoul 151-742, South Korea)
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22 A2 kslol thet TAlo] ZohEol Wk = (1998) 3} Yoon ef al.2000)E HAMYERAATS 2
A2l 715 Hslof tigt =9 BUSHA AYPEL AR k5000 yrs BPL| WSHEEX] 7] E AFEH uErt
SItHPages news(2007), vol. 15, No. 2, "Past Climate St ¥, John(1972)3} Sugden and Clapperton
Dynamics: A Southern Perspective). =X 2] 7] (1986)2 A EH =0l gt dF-E F3l o] A|Y9
T3} P oofetal d&sk] A AAE WEREEZE 9F 10,000 yrs BPof| AJZE QIS Ao 2
3], Al471) SR G| 17|ZH 3} tist YR ET} BHeton, Yoon et al.(1997)2 wALeHMaxwell
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sojof gt} 77 HATH 71 FASE I W WagRte] WHHFEE o 17000 yrs BPo Al
519] FE|(deglaciation)2} 7(glaciation)e] ¥<lo| Ao 2 B stgct
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2& WA BT, ol5o] it AL ANF WL A9 HHB UolH AT AR AL
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SAG 17|38 Aol F a3 AR = AN-H Addie HHEY EHAHE AX G| Hik=
AIF7IA7E AR E= GHSHE 2= (South  did AlE7L Hi7]9 eaEHeas] nddteS 5
Shetland Islands) &A1 QAZoA= B2 A7 AT o|F Azbd AZHE 9ulshr] fiEe, Wats
AE0] o] A WSHEEAZ|E grEu7] fgt ot Elo]& AF7I|ZE St AE o] AESH|of ARSHA|
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2 YF TR E(sorted circle) Yol B&H o]7]2F 2] fect)ol o5 AA AdELt ed AdE AAE

O|FE o83} 290-4710 yrs BPL] WA e ASA 7FsA o] =tH(Dumond and Griffin, 2002). wz}
S By, o]5o] o] A WIFEAZIY A, WIEA7] Y] Fedt 242 WEEHE F
st 7hs/de AZISHHTE E3L Hjort et al.  HA7|E JPH L2 AHSHT 4= =gl
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23t 5o 71 REE ALE AR Aol
FZ A7) B =2 ddisAel 2 ol 8= 9l
+ OSL(Optically Stimulated Luminescence) &
q&AHo|tk(Murray and Olley, 2002). OSL €&
WS e ARSst e At HAAdE
A7) 913t 71 A ARl AAI=A 9 sh=
HAE W dVAER(FE 49 52 FHAAH7H
g gA SES ARFES Hdlof kEE o] 49
(F2 A YA ol 71&l 712 Y| OSL Alss
8% gojuzol drhs Roltheue 2%
complete bleaching). Rhodes and Pownall(1994)
2 wlglstAdE7d(glaciofluvial environment)ol|A]
= 4 gRrEol guisi el gol OSL
g7t Al HHA|EG edE AdE AT 5
AL AT AR o)L °0|F-9 AF-E T3t
o] Rhodes and Pownall(1994)0] B 318} AA| Hc}
2 H OSL ddie &% 213 wZol oy
2}, 49 OSL Al&.9] & o]@AH(thermal trans-
fer)oll A 7]elet AL 2 3|35} cH(Rhodes, 2000).
Boe et al.(2007)= k2Ho] HF WIEFHES
OSL k2% A72 Fakol Wstol o5 W
(dumping) el WelEHEe] AeolE HHTHE
< HedgiAre] Bl o] 7o) ehetalA ol oiHict
B B SR, OSL Ak o 5
T Aoz IRl o FHHFF(E =0, 485,
S 5)de 22 Wl old 4= HdE
O] ¢, AQ OSL 412.9] E2gHE21%(incomplete
bleaching) 7FsAl2 o3| & o=z Ayztect
(¢)): Alexanderson and Murray, 2007).

A= A2AE AF71A A2ole Tt 27
o] dFPF2E7} x|, dFTEREE WIS
Aol e d B ES0l WA 29 et
ol SJall =8, AH LR olFshaA Al
2Rl sl A mEkA, HFFREYS
PRS2 T AT ER A AR 2 7
570l Gu Al WelE A EE T ot OSL dd=
A 9] 27127 (complete bleaching)= 2 THEA|Z
Aoz didnt. ol Aol A= A=AH AF7
A Q2o 2E3h= LFFEEUY] YU =S
o]- &3t OSL dHi54< AAlstal, OSL ddiE
e EA7] 40 48 7Hedt A9 ARE A
L=E) yul )

ZZX| Mol 2Estke AYTEE(Sorted Circles)oll CHet OSL HHEA XE7+SY A7 525

2. |8 P X E(sorted circles)2| &A1}
OSL QPILHEA Iy

TXE(patterned ground)= +ES A3t H
2 &-2] 247} dl5 (freezing and thawing)©] ¥H2
= F9318H (periglacial environment)o| 4 &
2 Y 2B XYY AFPEY(ES
AbEe] AV T A 712ke] Rfolol whet 8 (cir-
cles), Tz} (polygons), &5FY(stripe) 2%¥ 5
2 7HA] ohefet AR E HQlth o] F ¥z
E(sorted circles)= FH512E o] HP3H<4°) #]
Fol| A thaFst 27]19] o(boulder-pebble)Eo] Al
Yo H42e S Fh dehit. 349
LPT2EL 7= 43 Y =& 5= 99
717F 255 AXe BFS Horl=E
(Goldthwait, 1976). YFTLZES] FA7|Z}of T
A= oFA & SRSl whet o] ZHA] o]HE0]
UATE ZA 59 Al 7HA 2 Yol & 4= itk 1)
S5 2Rl g B¢ AE 57| (differential
frost heave; Matsuoka et al., 2003), 2) 3l 54| 7]l
dojip= E9Fo] W=x}o](buoyancy-driven soil
circulation; Hallet and Prestrud, 1986), 3) 3l5-A]
719 dojut= F=4=9] U A}o](free convection
of soil porewater; Krantz, 1990). 121}, o] A 7}
A mae FEHOR YakEHBe] AW} 5ol
v ge] weh JTEES Ao BEH(active
layer) 4] EFYUA=2] 22 Qo] <24 (convection
cell) & F/dstL, o]of met ez & AYES
HPZZ o 2 o|Fstal, AP A2 e r 2
o|A H= HFF2EY FA7IES At ok
AR 2, Kessler et al.(2001)2 HFEH 2dHS 5
shol WetEzge) wE el AT ShEom At
EFUREY ¢Tol5o] AHTRE FAY| 7
271322 ANBAHI 1.

e viel Zo|("1. A" =x) WotE A=
et OSL AdiSAg ol JlojAl 7H S A Ql AAI=
A F shies WotEdEe] 44 o, EFE W 4
FUAEY 7]1& OSL 41571 &3s] “070] HU=
7Hcomplete bleaching)ol] %t} Kessler et al.
(2001)¢] Hdls =2, YPF2EE 4 F
o YA =gHAllo] =4 W ol =8sHA Erh 1™
1(b) =), A, Wste FEO A 93
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(dumping)® dytAel WstE|dEr= g Y&}
=o] AU FE3] k=EF o] OSL Ati54 9| 27|
Z7(complete bleaching) & TH=EA|Z 7FsAd0] &
= Zo= JqiHEn £, dFT2ET IAEHE
7)7bol| thaliAl= 32| o o] 27gof| whEt theRt 9
Ao A =L YA, AP AL2EL] P2 H5tE
Fgo] 4l F 241 WolA] ) o] o]Folx]
= Ao 2 ¥E7 QIchBallantyne and Matthews,
1983; Matthews et al., 1998; Kessler et al. 2001;
Kessler and Werner, 2003; Haugland, 2004).
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SHEEAIS 2 Holt e o AzkE AT,

CELIOE LRI
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3. AETXEQ| OSL QLEH J=M HE

31 AZAF ¥ AIZTAZ
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Fig. 1. Computer simulation for the formation of sorted circles (from Kessler ez al., 2001)
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TZ2E FHoe X7 o)7|FE0] & st
o] AFFZREZL I E AdH s Ao = Azt
Hok(Martini et al., 2001).

A& ToRgollAl AlE7]IAIAe] 9] SR E A
Z INE AHSHIATHIHE 2(c)), & AollA= Al
F71A) &% 2F 500 m Eoj Xl yelg deke] EaEst
= AgPREN YT T Ao ARE dest]
Ao AHg3kT AR o] 30 cm, 27 45
P MR CENEERE EECS S
702 ARISto] A5t ARHE SC60] A
2% YFFREE HALE oF 66 mol] AL
Slov] el Lol 90 cm, THEWRE 60
cm?l ERIFoIt(2™ 2(d)). Al=HE SC971 A
28 YYTREL LS oF 41 mo YAk T
9low] HEuaFe] Lol 110 cm, BELTHE 80
cmtH(1E 2(e)). + DB X2 E =7 B9 ¢k
S 2= AEE dAEol £E5t 7P A= Al
6] 10 cm ©]4+2] cobble WYXA| boulder o] §)o]
APH APFEE| BEE BT

S EEPEE B EV S SBEER
AR A A AdtEo], ARHFA] AL =ZE0]
AN 7hedl R EHET AR F A e
LESEE o o2 FAE AR £ &
ZYZt 57 (D, equivalent dose)E4-& A| 22}

pxx o ols) YRTRE AR SO S
A(wet sieving) 2 90-250 pm 3719 YA=S A
stal, H|F 2.79] Y (Sodium Polytungstate)S
Agstel FHBL Btk $HEL Besta
32 A 2= 10% HCL, 10% H.O,2 A 2]5te] ghit
QR 971BS AAT T, 40% HFZ 3 A7),
35% HaSiFe2 7UZt A2|5t HFAAtE F5
SHATHE A 2, 2004).

3.2 HRMAAIR test)

AR o1 QU THYAE T FHYHE
3] KA = 9ol 4 253t o7} rhafe =
nds AT E HEITh SRR, AR A
204 FuAL ATo HIALH HAPAY
(anomalous fading; Wintle, 1973; Wallinga et al.,
2001) o2 Qs EHH A 2g7E ZA7F e
o, AARf RO AP YAl KE 238 lo] W

S TZE(Sorted Circles)ofl CHEH OSL YILIEX ME71sM AT 527

HAZFA% (internal dose rate)AlAto] 7HdsHA]
ok wEbs, A FYRE o83t OSL AdSF Aol
£ ABAAYE Foto] 28 HFUE T %
A2 go] las Felsk= Ao Tasith AFUAk
b= g A YA A Aol ofgf| of 7] = o] T
AL A2 E EAYA7]7] diZell(o] & 499 OSL
Alz9} 79s}e] IRSLolet gheh), A2 i el g 7
X N5 IRSL ALS WEoiRs paksi 24
Aol Sfat 2ol s Beket 4= 9rk. ol9t Zol
A=) IRSL ALBE Bslo] Aeqe] oing
AR 34& MK, IR tesy} 3
o B ATelAE AL AN AR SC-63
SC-9& o]-83}te] 27 oF 8§ mm 37]9] aliquot(125
m=i7)2] 4Gt oF 40007)F 22k kAl AN 2
H[stel IR testS AASIAE 1), W), ZH)
aliquot&& 260 CoA 10x 52t ExA e 5L,
125ToflA 402 ¢ HAFAoR A7|AA
IRSL 4135 Z43HTHLNR). ©]%, IRSLAI S =
Aol AMEE T U3t aliquotES thA] 125 T ol A] 40
2 5ok BuR0 2 of7|A)A WA OSL A5 S
Z743H4THLNB)(Step 1-3); ©] ZH 5 2t}
9] aliquotE©] 7FA| 2L & Fo|y|dA AF(IRSL
I OSL)+= “0” o] Ht}. o] aliquots©f ¢F 40 Gy <]

Table 1. Procedure for IR test in this study
Step Treatment Observed”
1 Preheat (for 10s at 260 C) -
IR LED stimulation (for 100s at 125°C) Lyg(IRSL)
Blue LED stimulation (for 40s at 125C) Lys(OSL)
Irradiation (40 Gy) -
Preheat (for 10s at 260 ) -
IR LED stimulation (for 100s at 125°C) Lzr(IRSL)
7 Blue LED stimulation (for 40s at 125C) Lgs(OSL)

*In steps 1-3, a naturally irradiated aliquot, which is usually
called "natural aliquot", is stimulated with IR and Blue
LED. During steps 2 and 3, the luminescence signals are
bleached to a background level. In step 4, regeneration dose
of about 40 Gy is administered to the bleached aliquot, and
the irradiated aliquot is then called "beta irradiated aliquot"
in the text.

b Ly and Lyp refer to the IRSL and OSL signals from
"natural aliquot". Lgr and Lgz denote the IRSL and OSL
signals from "beta irradiated aliquot". The IRSL signals
observed in steps 2 and 6 (Lyz and Lgg) are derived from
the initial 2 s of IRSL signal less a background estimated
from the last 10 s of the signal, whereas OSL signals in steps
4 and 7 (Lyp and Lgp) are derived from the initial 0.8 s of
OSL signal less the last 4 s of OSL signal as a background.
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Fig. 2. (a-c)Sample location map(adopted from Jeong(2006)). (d-e)Sorted circles from which the samples for optlcal
dating were collected((d)SC-6, (¢)SC-9).
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g} gic}. dukg o2 IR testE F3to] SHE A4
A 5ot AP AXA] R 9] IRSLAIE/OSL A1 1|7}
10% Y -9, A4 QAxte] e do] OSL A=
7 Ao vA= FF vjugt Ao2 dHA 9l
THe.g. Choi et al., 2006a). A= SC-63} SC-99] oj
g IR test A3}, AFAA =] gk LNR/LNBH]=
Zkzk 5+1% 2 62% i, AHAZAX | Hfgt
LRR/LRBH|:= 72} 5:1%9} 7+1% 24 & A|2 =
T AA S Bt AU aE o2 A
A=o] OSL Az EA oY AgiEg A7t &
AR} e Fe o3 FFE S TR AY ¥
& o2 AaE

3.3 Alsidig]

3.3.1 499 OSLAE A& @ S7HA% &4

NG| OSL AlB G27] 2T AT
Aol x| € Tl A 2Hg57478] (Model: Riso
TL/OSL-DA-15A/B)Z A}&310] 2431 Botter-
Jensen and Murray, 1999). 44 <] OSL A1&= A
25 Hd) 2F30 mW/ cm’e] A7|E o37](stimulation)
Al 4 = AHATA(Blue-LED, 470430 nm)&
ARgste] A AL, AE OSL A3 EMI
9236QA PMT(Photomultiplier tube)®} 7 mm
Hoya U-340 AELEE AR5t HESITH Al
F9] ZA(irradiation)of= Fujd|AA AFSAA
u]of| 2.2k *sr/Y wlebd Y(RARR: 0.078+0.002
Gy/s B-20.227+0.004 Gy/s)o] AHLE 2Tk

A g 2] OSL A& OSLAIZE YA 7] W4
o] W} 34 CW-OSL(continuous wave OSL)3}+
LM-OSL(Linearly modulated OSL; Bulur, 1996)
o] = 7z 2 U 4= 9lit|(3.44 FX), CW-OSL
A= 713349 AI71E L8t (o] AolMe=
30mW/em?) 413 A2 243k, o] o OSL 4l
T Azl et At o' sk T4 B
g2 vehdtt ojek= 2, LM-OSLAIS = 97]
B AZIE RS AFA R FTHAIA
7h == OSL 4524 e qizkgk OSL
component <Al of] WE AH L] 9] F (peak) =2 LHE}
ot o Aol A= o713 Al71E 00114 30
mW/em*7tx] Ag & 02 F7HA7]9 LM-OSL 41
32 =439k CW-OSLF LM-OSL X139 o
3k 2P A8 3.4 Hof| A AEHATH

e

2 9] 57HA%H(De, equivalent dose; T: Gy)
2 7|2& S 2 Murray and Wintle(2000, 2003)<]
GAXZAFH(SARY; Single-Aliquot Regenerative
-Dose™)= o|-&sto] FSHATHE 2). DA A E
Hof thgt Hot AR A2 oln| A F £](2004,
2.2.2 ) R E| Q]

3.3.2 A7HA%F &4

UFFZREE 131 3= FE 5 4= K
U, Th, Rb 52| WA P4E5S 236t
LFFZETL FAE o|F AZto] Ao et ol&
Ui AV TAE stod afd, pAAL vAIS W&
st AFFREWY YA ey
AR A%t o]F WAMAI L4 (cosmic ray)o]
L=EEo], o]F AYAE FA Yol FH3HA "t
o] ZHH oYA= HFUATT A E oA A
o LEEAY T2 AFAA I TS,
A3t o2 2]) Hof l=Z=H OSL A5 =
WEEaL, o] OSL A139] 42 AgAYA7t 24 =
o] Pl o FHE] 2Pt o] FAgt AT &, T
gk HpAA ol BiFgitt. o] At OSLAIS 9
v A= A S7HAE S0l o F25HA]
ok 7 A dAre] 814 B4 et g2 A v
Efuy] 2ol shute] FUE Xuirg Al o2 et
W 4= gloh 71 E2t Bot JEst v E 471 9

o

Table 2. The SAR (Single-Aliquot Regenerative-Dose)
procedure for equivalent dose estimation (Murray and
Wintle, 2000)

Step Treatment” Observed"

1 irradiation (regeneration dose), D; -

preheat” (160~300C for 10s) -
OSL measurement® (125C for 40s) L;
irradiation (test dose), D; -
cut-heat” (160 ~220°C for 0s) -
OSL measurement (125C for 40s) T;
7 return to step 1 -

* For the natural samples, i=0, and D is the natural dose.
b Samples cooled to less than 60 C after heating. In step 5,
the TL signal from the test dose can be observed, but it is
not made use of in routine applications.

¢ The stimulation time depends upon the stimulation light
intensity and wavelength.

4 I,and T;are derived from the initial 0.8s OSL signal minus
abackground estimated from the last part of the stimulation
curve (in general, the last 4 s is used as a background)
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3] W2 dAFE0] S3=A(e.g. Smith et al,
1986; Murray et al., 1997; Hilgers et al., 2001) %]
ol o] dAtol] ANGE AT A2 GIABRAH
(Murray and Wintle, 2000)¢] 7} 9] o] &1L
ik HAARAREL ol §ate] 7T ST
Ao EA7|7HEet F53t T HAMIRRS Yjmlst
u, GOA7E 4R B Ry Faeks
WALAE, & A7bAsH(dose rate)E S &, o
29] 4](1)& 53 OSL A& Aktst 4= A Hrt.

OSL tfi(ka) =57 MIHGy) + ERHIHGy/ ka) (411)

A& SC-67} SC-99] AT FH=7]2 134
AAFHo] AAE A9 L&dfs AT ER
OEE o]gste] A5t ArtAdEZNEHE
ol g3t S 4 HFE2 s== Olley et al.
(1996)°1l 23l AAIE Aol o3 AZHAFe = Wk
H3uok BAE 3o Rl Aol 1
A= FFE Zimmerman(1971)0] AASH 20
o3 BAE Yl om, £ (cosmic ray)of gt 4
FEAIRZHAFE A%, A= AR A=E 1Y
5104 0.25+0.01 Gy/ka 2 A= IthPrescott and
Hutton, 1988, 1994).

34 M9 osL A5 EN

A ego] OSL A5 = A&dh viel Zro] OSL A%
£ A= WAl wet 24 CW-OSL LM-
OSLZ 299, A5 AR OSLEA4S
WA= Hlofl #-83H ol 8-H. °] Yo, A&
£ 4 us T2 o7|AA AP A]7]= pulsed OSL
(POSL; Bailiff, 2000)3} A|2E RAA]|= F3t
U =] = Radioluminescence(RL; Poolton et al.,
2001)5°] 1o, & dete] dAydo] glen=
olEf tiet FAIH A Aa2 skt CW-OSL
AZE 4713399 AI71E R fAIAA E=
OSL A5 2 A 719 3(a)et o] A7t what A=
O 2 sk HA o2 vEhdTh ARUR dsE
9] re-trapping rate®] =2]11, OSL 415.9] HFAjo|
A} ¥R2-H8}(first-order kinetics)& w2t 7}
A5hH, CW-OSL ZAle Uuba| 0 2 (1) = Ipexp(-A
HE EHEH(A7|0A, [()= tzoA 2] CW-OSL
A7), = 7] CW-OSL A7], K= A, 1= o
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Fig. 3. (a) CW-OSL and (b)LM-OSL curves with their
constituent OSL components(modified from Kuhns et
al., 2000).

7IXNZFS ou]stcl; Bgtter-Jensen et al., 2003),
CW-OSL 4l%+= 7409 =710l w2t 3-474
9] OSL component® W& 4 QI 3(a);
Smith and Rhodes, 1994; Bailey et al., 1997).
CW-OSLAI g 9t= 2] LM-OSL A= o733
o] A7 GARARES AgH oz J7HAATA
TEEE OSL Also]tk(Bulur, 1996). LM- OSL
Az = dof ¥zt &4, &, Fol23HA(,
photoionisation cross-section, CW-OSLA1% 9]
et vttty o] & OSL component <A
o et ele] v ez Lehul(1d 3(b), U
WHoz o] B3 F Bolesgue) 1Y 2
OSL component H¥ <AU|Z fast, medium,
slowl, slow2,..OSL component=2 sttt 2zt
OSL component?] o] 23t HA 7] = AR}
of] ukg} ek7ke] 2po] 7t Q1o ZF OSL component
ult} A2 Qg Hele] 7S 7P T QlTh(E ).
MG ANH AL LM-OSL AlEL, A3 HSH L)
72, L(t) = nob(t/P)exp(-bt’/2P)2 FHA0] FTH]
71914, Lt)= t2o4 ¢ LM-OSL A7, ne= trap
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Table 3. OSL components and their photoionisation cross-sections (0, cm’)

Singarayer and Bailey (2003) Jain et al.(2003)" Choi et al.(2006b) This studyZ)

Component g Component g Component g Component g
Fast 2.5x107" Fast 2.3x107" Fast 2.0x107" Fast not exist
Medium  5.9x10"® Medium  5.6x10™* Medium  3.9x10™® Medium  2.6x10"®

Slow 1 1.3x10™"®

Slow 1 2.1x10™" Slow 2 2.1x10™" Slow 1 4.8x10™" Slow 1 4.6x10™"
Slow 2 1.2x107% Slow 3 2.1x107% Slow 2 5.7x107%° Slow?2  8.1x10™%
Slow 3 1.9x10™% Slow4  2.8x107% Slow 3 4.6x107 Slow3  7.1x10™*

Y Jain et al.(2003) identified 6 OSL components from their quartz samples, whereas other authors observed 5 OSL
components from the samples they analysed. Jain et al.(2003)'s slow 2, slow 3, and slow 4 components correspond
to slow 1, slow 2, and slow 3 component of other authors, respectively.

% The calculated photoionisation cross-sections are the mean values of those obtained from two quartz samples

investigated in this study (SC-6 and SC-9).

H ARl A, P= F o71A7E 2L b de-
trapping EHE-2 2JH|s}tH, o] = Fo|23jthH A 9
o of7|FeA7|et vlgtTh). Hagt vief 2o,
Aledo] CW-OSLAIS 2 LM-OSL A1 5= Fo| 23}
dHAo] A2 thE OSL component® A E&=
tll, o] & OSL component 5 A &84 A|7Hg<t &
2o 2 QFAslal(life time, T> 1 Ma), 7F3 Hof 71
743t fast OSL component(3go]-23}H 2] 0 = ~10"
cm®)7} ZJuj A9l A| 27} OSL Aol 713 23t
3t A= dHA Itk (Wintle and Murray, 2006).
32, F fast OSL component R} 3Fo]23}
H&Jo]| & ultrafast OSL component”} B E| ]S
o =10" ~10"°cm?), o] OSL 413 A e <]
AGoll= EASHA] o= Ent ozl gFeg &
QHgste] OSL A Tag7ehe ddlo] Hug
E3E OSL ddi54< Aslixe Ade 214
£ &3}l A A= ojof gt (Choi et al., 2003; Jain
et al., 2008).

ol AtoflA= Al& SC-62} SC-99] OSL A&
EA4S AR fste], ZF ARE BAAFHe=E
125°C ol 4] 4025 30 mW/cm?2] A|7| 2 7]}
ol CW-OSL 4125 &43131L, o]&9 S84 &
o F30o| godd 4= JIEg, AdiSAg u¢- A
gt AR | gl 35 gpAnpoke] TNEYS17
Al&(Duller and Augustinus, 2006)¢} fast OSL
componentZ} ZA3}A] ¢ko} UubA o] AjEAH
of A-g3sl7] olgle Aer HuH AR
(A EHZ ER4; Choi et al., 2006b)e] OSL A&}k

u)m3to] EAISATHLH 4(a) 2 (b). SC-63 SC-9
9] CW-OSL A1 %+= ER49] CW-OSL A1 5.9} upzlrk
A2, TNE9S17 A&l Hlsf =9 HAAIHo= o
Ehdt) o]A ¥ =7l e Hols CW-OSL 4l
= F4z7) Ao PEEE fast OSL
component”} v|FsFAL ZA51A] g2 uf) 32T

A& SC-63}+ SC-9¢] OSL Al& oA fast OSL
componentZ} ZFA|5t= HIE&S AW E 7| 3), F
s SR FAFAe AlI71E 3600
S0t 0of|A] 30 mW/cm® 7H7] A& & oz 2714
A7MH(H7]2%: 125T), LM-OSL A3 5 A3t
(g8 4% (d)). °]%F, o]& LM-OSL XS &
SigmaPlot " (ver.10.0)9] Levenberg-Marquardt
ST ES v o2, Choi et al.(2006¢) oA AA|
3t 9 0|83} Z+ OSL componentZ £-2]3}
%t LM- OSL SA419] 3|AZ4 A3 A= SC-6
3} SC-99] OSL Al & of+= fast OSL componentZ}
A e & 4 dglom, ol Aoz
A g GUABYRY 2L A= SC-67}SC-9
o] Heker OSL AT 73 4 98-S ojulatet.

3.5 Dose Recovery Test

Fo17] A7} OSL Aej2 el 23 A8 ot
197] $J5te] ANSHE ole] 74 A B M
da] -85 Q1= "ol dose recovery testo|th
(Murray and Wintle, 2003). Dose recovery test
ANM= SHsILA ks A BE AN BANF
2 T2 solar simulatord]] QAFA|ZFESOE EA]F
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Fig. 4. (a-b) CW-OSL curves and (c-d) LM-OSL curves of the samples SC-6 and SC-9, together with those of TNE9517
and ER4 for comparison. LM-OSL signals of TNE9517 are almost entirely dominated by the fast OSL compo-
nent(Duller and Augustinus(2006); more than 95% in the initial part of the CW-OSL signal), and the arrows in (c)
and (d) indicate the expected location of the peak for the fast OSL component in TNE9517. In (c) and (d), it is clearly
seen that there is no peak appearing around the arrow for the samples SC-6 and SC-9, which implies that the fast
OSL component does not exist in both samples. M, S1, S2, S3 in (¢) and (d) represent Medium, Slow 1, Slow 2, and

Slow 3 OSL components, respectively.

Aoz 225 OSL A& (A OSL 413, nat-
ural OSL signal)& A|A%t &, Fojy|dA S3%
Hlof] 22t wepd o2 AT Fof A S =
APAIZITHO] S “ABAZAIHGiven dose)”ol2}
3ie}). o] ¥, OSL Arj2 o] ALgshe AL
ot SAE AZ(OlE “EEAd%(Recovered
dose)” o]zt gt} o] A ALz AT} 28 2|5 Bl
Stk g Foldl Al=7h OSL At ge] et
A2, SRS A Aoz 7%t A3
AzAEF ook dthE, R/G (Recovered/
Given) = 1.0).

LFFEEANA AFT AES0o] LbAQl T
A2 0] &3 OSL AthiSA el 2est A o
FE goh7] §I5tod, SC-6 A=l s CW-OSL
AT E o] 83t = F£57 2] dose recovery testE A

Akt HA, SC-6A2E 3 mm F7]9] aliquot
N2NZE Ue &, o]5Z 24A47HEQt solar simu-
latorol|A] A2jste] A OSL AZE AAsEL, A&
2of| 4] HEPd E ez 100 Gy o] AN S A
CHAFAZARE =100 Gy). ©] &, SLA=AEH
o] JAA LE(E 29 step 2)S 160Col|A] 28
0C7HA 20 CHA 2 2 S37h S &A= 57435t
ATHZ BRAE] 2= T 4749 aliquot ARE). °]
AN AFH2ARFE BE HAY 2% #7t
oA 10% ol LB 7F HATHIH 5(a)). 53],
QAT LE7F220T o)4fo] =l HAA RARF
o] A7t Tt HE A A € 5 A

=02, I3 5(a) 2] AFlA AP dRARF 7t
& 2T AIH9147 Gy)E E& o UM AA
2] =21 200TCE AR5l 0-150 Gy7HA] 50 Gy
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Fig. 5. Dose recovery tests using CW-OSL signal from the sample SC-6 as a function of (a) various preheat temperatures

and (b) given doses.

W02 ABAZAFS WA 7] dose re-
covery testE AASIHTHZ AP ARAE G 370
o] aliquot AH). o] AHANE APURAFE
7.17% B% FaB7kE o, AYA 2Ajo] A
W45 el JEE AUE & 5 AATHD
© 5(b)).

A& SC-6 W SC-9¢8} Zro| fast OSL compo-
nent7} 2A314] = A B Eo] YHbA o] AR R
AEHE o]-&3t dose recovery testo]] A AP A%
AFge Bagriste @42 oln] Choi et al.
(2006b)o] AkEItho] A FGA| 7o Thet Htoll
N 23 v} olek. e, ol5e ztzhe) OsL
components £l dAAZAAHS F-g35h
4 A+ 7|&29] LM-OSL SARH¥(Singarayer and
Bailey, 2003)& 4. Hekelm, o] Hlgto
medium component(oc = ~10" cmz)‘ﬂ',—% 0|85t
dose recovery testE AAJSIAT) o2 me-
dium componentE ©]-83F dose recovery testo]|
A ARAzARFO] +5 %ol A HlE AEstA
=49 B335, fast OSL componentZ} &4
3HA] = AlZof A= medium component
W ol8% OSL AtiEAel 7hsee Ak
o} ol AFNNE APTFERENN AT A2
=9 medium component? 2 OSL A=A
o] 7FsRtAl A 7] 95t H&Tt Hiel Zo]
SC-6A|EE 24A|7F Z<F solar simulatoro|A] #

2sto] 2pel OSL 4152 A7 %, 100 Gye] A
A 2ARES 71 47119 aliquot(8 mm)el T3]
4] LM-OSL SARHYS ©]-83} dose recovery test
£ AABIETHE 4, O9 6). AFZAH, Choi ef
al.(2006b)o] Hu3t A= &2 Al& SC-62] me-
dium OSL component& o|-§3}o] -8t 3] &A%
2 83-95 GyZ A (Hat 9146 Gy) CW-OSL A& &
o]- &3 AuHA Q] FUANEATHS 283 et
U7 2 AP A RARS oF10% H= 437t

sher.

Table 4. The LM-OSL SAR procedure for equivalent
dose estimation using medium OSL component in
quartz(Choi et al., 2006b)

Step  Treatment Observed

1 irradiation (regeneration dose), Di -

2 preheat (at 260 °C for 10s) -

3 LM-OSL measurement
(at 125°C for 3600s)
Optical bleaching
(at room T for 1000 s)
irradiation (test dose), Dt -
cut-heat (at 260°C for 0s) -
LM-OSL measurement
(at 125°C for 3600s)
Optical bleaching
(at 180°C for 1000 s)

9 return to step 1 -

Li

=N N B

Ti

(oo}




534 A3 - Yo RSY -

25

SCO06 (#1)

2.0 1

1.5 4

1.0 1

Corrected OSL
(med, Ln,/Tn,)

0.5 4 De =95 Gy

SCO06 (#2)

I

D, =83 Gy
D, = 216 Gy (R =0.996)

0.0

D, =159 Gy (R* = 1.00)

2.5
SC06 (#3)
2.0 1
1.5 1

1.0 1

Corrected OSL
{med, Lny,/Tn,)

0.5 - D, =95 Gy

D, =120 Gy (R*=0.977)

SCO06 (#4)

Pt

D_=91Gy
D, =196 Gy (R* = 0.986)

0.0
0 100 200

Regeneration Dose (Gy)

0 100 200 300
Regeneration Dose (Gy)

Fig. 6. Dose recovery test using LM-OSL signal from the sample SC-6. Each growth curve was fitted with saturating
exponential equation, I=Io(1-exp(-D/Dy), where Dy is the characteristic dose which defines the curvature of the growth
curve. Thus, characteristic dose is the parameter usually used for inferring the maximum D, value that can be safely

determined with a growth curve(generally up to 2Dy).

4. OSL QiCHAn} 2 E9

4.1 SIHME 2x

A& SC-63t SCIo4 23t AFUAEE 3
mm 37]9] aliquot 4872 o] OSL ddi&A
2 AABIFHE 5, 2™ 7). 499 CW-0OSL 41
L ABE 125C oA 402%5<F 30 mW/cm’9] 3
AFhe g o7|A7IH SAEUAY. F7HIF 273
= {3t LA EAFEHo| A= dose recovery test
oA 71 ABAZEA Tt 2RSS 78
T SUSE AE7Q1 200C/10s9] @ I
Agzat 200C/0s8] AFEA dAAH=zH
< A 8319t aY 5(a) A=) SC-6, SC9T} 7o
medium OSL component”} $-AIgH A|&o|A=
OSL 41%2] 3|9 &AH(recuperation)©] OSL At

Aol Az 9 vl = Itk (Watanuki et
al., 2005). & AtoflA= o] 2T AR 243}
5171 skl sl AR e 2} Ble] vhata
(3 2] Step 63174) 0|%0] A|RE ThA] 220To]
A 40250t 7| Fh o2 At RS 2718t
o] S7HI%FE P8t Murray and Wintle, 2003).

AYFEET} QRo] BT 45, 217 o) F
o= Y| i), WaiEE 43, dPrEE
) 445 4 OSL A7} T el =E
Wl A4S et ghst B3 (bleaching)
o] € 7Fs/do] w3 sHATE, o Hs] esHA £2
AEA| 2 YAE0] EAISH, HA| HAH o]%
FHEHZ2=RE T2 PANGET 52 57
ol Uehd 4= ek &, AR By AR egd
AE vehd 7o) o8] Attt webA,
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Fig. 7. Dose distribution of the samples SC-6 and SC-9. The grey and black bands in (b) and (d) were drawn using
weighted mean D. and "Lowest 5%" D, as reference values, respectively.

Table 5. Equivalent dose values and OSL ages of the samples based on various statistical approaches.

“ Mean D¢ (G )** Weighted Mean "Lowest 5%" "Lowest 10%"
Sample Dose Rate e (Y D.(Gy) D (Gy) D.(Gy)
code (Gy/ka)
(OSL age, ka) (OSL age, ka) (OSL age, ka) (OSL age, ka)
39+4 26=+1 17+1 19+1
- 72+0.
SC-6 1.7220.05 (23£2) (15£1) (101 (11%1)
25+1 18+1 10=£1 111
- +
SC-9° 1.6420.05 (15£1) (11%1) (6x1) (7£1)

"Dose Rates were modified using present water contents. Cosmic ray contributions were calculated using the equa-

_tions given by Prescott and Hutton(1988, 1994)
Errors in D and OSL ages are 10 standard errors.

 A)BE2] OSL Arjghe 49 OSLA S| 29
SR EERLEE ERE P P LA
stel, ofef BASA WHE Batel T3 S
g vlgo R FYEUC(E 5). SC6A R 7}
ML 16 Gy-180 Gy 919 ghe Hold, we 5
HilspgaEo 2 X193 RES Hol(1Y 7(a) £4

HABSo| SHsHA SR ke A=
Zrdnt. oleks EE SCIMRS STMIFEE 9
Gy-53 Gy W99 AeEE Hola Sloj(Td
7(c) EHolF dFF2EI FAEHE Bt Ad
OSL Al&9] &87o] SC-69] vl "v]arz]" & o]
ol Aoz gEr)
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Galbraith et al.(1999)2 OSL Adj&A o A-8-H
I aliquot®] S7HIFEEZE EHsh= WHoE,
ARt Aexts Rt WA= (radial
plot)©] A& A¥SIATHR 7(b)et (d) F3.
WAL O A= 2t aliquot®] S7HI=H(y =)= w4173
Wro} Al (IAES] )2} B EAE
a8, Yol2 AeEld Zraigk(reference value, Y
wHoE Ano BRETHIF 8 HEEEE)
Agghe Fagho 2 AR 9 20 FE 027t
2 EAsel, 245 A7t B Suisi) 2
2% Ho] YA Slske sEo R Agsl|E
atk =, BASkIA Sk AR HAYA )
A BeiREel SAMTRES} B4 Thes BE
(normal Gaussian distribution)& E2It}d, o2
Ao 2= B49 aliquot?] 95%7F Fgtat 20 &
EAE 98T 7ol EJEoloF ri(Botter-
Jensen et al., 2003); SlA|T, AA 2= Q12 &
A ESAAIT] A2t 240, A2 WiE
(sensitivity change)2}o] 5 of&] Q<lof oJafjA &
49 aliquote] oF 85% HFato] o F7to] ]
< 357t gt o8 EY g, SC-63 SCH A&
Z} aliquot?] S7HAEF 7+ WAool =AJS ] B
HA(TZE 7(b)¢ (d), 7H B Fage = gk 71t
(BAHE=S] 3|A 7Y wPgZe] ofF 60% =9 ali-
quoto] A3k A& & %= 9k, ol 18 7()e)
S|AETIHOA ST X3 (skewness)& Ho]
A gFot “HlwA” 2| o] & Hicka AHEH A
SCINRE BE AlmFo] FUsH|, 12]a &5t
A SRR EH AT 7)ol = of=eol Ua= vl
st

o|AY &gt SYAS AET T = ARES
o]-&sto] &gt OSL AhSAS 7517 913t ol
7HA] TAIHA Adjrdo] A A= o] Yrh(Galbraith
et al., 1999; Lepper and McKeever, 2002). &3],
Olley et al.(1998)2 oJu] E|F A7} & &= 7 3}
QEHE digt OSL AdESAHATE 53l EHT
Al E2Ao] g HA] 2 EHEY] B¢ 5
7ML S SHY 5% 9] Batgk(“Lowest 5% De
value)o] 4124 Q= OSL Atz S AIAIG vt
7F it} 284, Bailey and Arnold(2006)+= =4
B Fajo] SR o191 5% FRghe A4
Bt g el Hng sl o

N

Mr J

TR S/ 15 BREE o188 OSL kg
o] 47| )% Arke] 7Fgehs AL Akeker

4.2 OSL iCHzxt

3.5.4 dose recovery testo]| 4] fast OSL compo-
nent7} EA5HA] o= SC-61} SCINBES T
A 2@ A-gsto] Fojzl JEAHS A
ZATEFL] 10% m]gto] Rt Li and Li(2006)= 4%
9] OSLAIZ & F4d8k= Z} componentE ©]-8-51
57 33131, medium OSL componentE
o] 83t 571AFFo| fast OSL componentE ©|-&-3}
of %t grEoh ) 2SS WESIY olg2
medium OSL componentE ©F7]5k= H(trap)©]
Aoz FgEol k= 719 AHsl(>100 Ma;
Singarayer and Bailey, 2003; Choi et al., 2006b)
9= =] Al&9] w2t medium OSL component
7} dAdo g BEQtAste] 7] CW-OSL Als7) &
Z medium OSL componentZ2 A= o] 9 F
Fole S49 STHAF] AAES 2R3 5 eSS
WskT ol B Qo] AgE AlREe)
s aiapo] AR AZAE10% OJ4F ZH& Ho
et HERt ddes o = @AYL Li and
Li(2006)7} A|A1gt vk} ZHo] medium OSL com-
ponent®] & EQMF/Jol4] 7190 AL 7Hs/d0]
Utk oz, T 504 AAE A HEAEY
g7t A=e GAAD 2271 Wopyle| we,
a3 APARARFo] Ztopyof whe} st 7
e Bt ol EAHE o] T AmTt AR S5
g AR At B 501, SCIA =S}
Z+o] 50 Gy mleh o= SGUAZAAH 23 &4
H 7ROl AR AR AN RS T
Brket= AE7F10% AU 7Fe A E S 9]
stot. a8y, 3.5. FolA AAgE dose recovery
test A Y] oJH -2t A 2ARFS Tl E
7Hoverestimation)= EER] Qktrt. whEhA,
“4.1. ST B2 oA AAIRESC-6T} SC-9 A
79 F7HIF @hEel AR FeAds FE7t
sto] AAEh eFlE OSL dAdi(overestimated
OSL ages)& AN 7FeAdS gl A= dod
t}. o]e} Z+2 dose recovery testAIE 11 }H,
o] Aol A AASt= OSL A= Walrt &5t
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3t %]
gk Adj(EH A= Bebs, ol €99 AR
ohale d), 2, YskEEAle) sk AAIsHe
A= s ElofoF g Holck,

SC-63} SC-9 S7HEgte] B 5B, 59
5% (Lowest 5%)<] B, 22| 1 3} 10% (Lowest
10%)2] B2 5 oi2] 711 W Ssfo] 78 OSL
A= SC-69] 79 2342 kaol|A] 1041 ka2l HY
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