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o] S=EoAI = A golut K-341e] Salu| Az 415 5 e AL S} (dose saturation level)o] E& Ao
oF2 2 A9 ITL (Isothermal ThermoLuminescence) A 35 0|43t Al47] §AZ dd|&A 7[sA84S HESH
Gt thekst A oA AFHE AREE 083 A ITL A% 71zE Hst A oA ITL Az 9 vizt=
Ak A 49 YA7E F4T WAHe] JEH 0|, HARATE o = Belo] 9L HeIstark
AFABLH AN = 2E A &M 574 HAF(measured dose)o] AHA AH(given dose) 2} #7A| Yebgth
E3k 49 YRS 10002 FF Wl =BAAE 4G ITL A5} WA A HH DAL Qs 325°C B
375°C TL 4157} S stA| A=A %32 ERIstrt o= A F ITL A3 AFA A 57t d4tol
A g ITL A3 9] Y7t a8k opygl, o] gt ¥4 =7 7 FrjyldA AE 940 2A(FEAF)
oA 71 7He S ouldith o] ZRES HIF LB, SRR B - A Y ARE o8 A=A EA
Bl RS AT T AR AP SA 24 AL =2 S ATk ol¥ A AT g ITL
A2zt AA EHANE LoH 1 7Fs/d o] AT, Holk B S0 Bl F At dEH(upper limit of dep-
ositional age)& ATHSHE Hloli 48514 ALEE 4 YSL HojZT},

F20|: S 7hs AT, A Q ITL, UE sk za), AFAIAE, B2 A

ABSTRACT: In this paper, we explored the applicability of quartz ITL (Isothermal ThermoLuminescence) signals
to dating Quaternary sediments, the depositional ages of which are beyond the datable age ranges of the conventional
OSL dating methods. Firstly, the decrease in quartz ITL signal sensitivity was examined using quartz from alluvial
fan and modern beach environments. In this experiment, the degree of quartz ITL sensitivity decrease was observed
to be dependent on the size of radiation doses absorbed by quartz and probably on the depositional environments.
In the dose recovery experiment, the laboratory doses given to the samples were all overestimated. Further, we
observed that, for the laboratory-irradiated quartz samples, the TL signals that are directly related to isothermal
TL signal production (325°C and 375°C TL signals) had not been effectively removed by exposure to light for
1000 seconds. This seems to suggest that, besides the sensitivity decrease in ITL signals, the overestimation of
the given doses in the dose recovery experiment may be, at least partly, attributed to the presence of less light
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-sensitive luminescence signal components remaining after optical stimulation. Based on these, after subtracting
the residual dose, we could recover the given dose accurately. This study shows that, although quartz ITL ages
are presumed to overestimate the depositional ages, the quartz ITL dating method is useful, at least, for constraining

the upper limit of depositional ages.

Key words: datable age range, Quartz Isothermal Thermoluminescence (ITL), sensitivity change (decrease), dose

recovery experiment, upper limit of depositional age
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1985, AJogolA] WZE= OSL (Optically Stimulated
Luminescence) A& o] 83}, A% Q27| EF
ol ¥ 24 BBy g4 3 AL
(natural dose)S ST 4= J20] B HA OSL
A& o] Edi7} nlE = Huntley ef al., 1985).
o3 AF7HA) 300 W Fk o 2H 7144 WAL
AX|H, A OSL AthSHH-E of2] EZH A
FAE A7) B ZZ2 FAA7] olsfiell B4 E7HE
3t Aoy o2 Aejufdstar Ich(Preusser ef al.,
2009; Murray ef al., 2021). 3FAgF, OSL A& 4]
Fol PRt e = oF 250 Gy A= AHAAA S &
451 AFFESF(dose saturation level)o]] =&
s17] ol 193] A7} 24 ol olmck ol 1
< PAMEE 5t 28iE EFS9] 7fofl= OSL
Qe Zzfe] A2wE St 2 Qlck(Winde and
Murray, 2006). @2, B LA 259 dubzQl A
7rAko] oF 2-3 Gy/ka ¥l 7, A9 OSL &
JEHUE o83 HAZo) ATSHL oF 10 T
A AER AEE Jujgih

$HH, K-A4 IRSL (InfraRed Stimulated Lumin-
escence) AT = A9 OSL AZHTt AFEskrs
o vlma wou, o 20-309 W AAA Y A=
Aol 7538k Aoz Ay QrhHiitt ef al., 1988;
Balescu et al., 2003; Buylaert et al., 2009). 124,
K44 IRSL Al &= Hof| =25 3E o 49 OSL
415 0] vlsl =g A Z2|517] wiZel BH g 5t
Helof] S55] =EH A 23t 7%, 7]E IRSL 4
S (latent IRSL signals)7} &1}4 02 27|32 7] &
o} AA| ElHANE B 715 E 7Fs/de] et

(Colarossi et al., 2015). E5F K-AA-2 Ax43
o] £8 % AXKtrapped electrons)E©] A-20]| A
QR AU A|(H &2 &)Y F5= §lo] A= v
/2] 74| (anomalous fading) £/40] 310}, o]of| of
3 AAT BAo] o] Foj2|A]| o5 9 AA| Al
£ 47} 34 "oh(Jain et al., 2015). H]AAFE]
A2 @4o] FASHA R K-44] pIR-IRSL (post
InfraRed-InfraRed Stimulated Luminescence) A&
T OF 1.5% W] 9] HRAA HAaddS ol A
S 2 dEA Q17| W&ol(e.g., Hein et al., 2020), A]
gof wzt o] 2 1% AEY oF 7S oA
5] HjAIE 4= glet. THH, 4G 9] ESR (Electron Spin
Resonance dating) A& = 9F 10000 Gy2] ATk
s AYAL Q7] fZel, o|E8e s 4
A A7ER| o] AiSAg 0] 7Hssith 49 ESR Al
39 o3t ARs &5t m|AEA S Ao
Z7ol ESR A& A&ste= A7 1
31 QQA|9H Voinchet et al., 2003, 2015, 2019; Rink
et al., 2007; Tissoux et al., 2012), A% ESR A&
S Yo v =] A ghEste] EHF9] EH A]
7] F780l &-&-3t= dloll= AT itk a+4axt
7} &Aoo 2 B E T Qlth Toyoda et al. (2000)
< EA3 ESR A4l 2 o] &H= 4T F,
Al A2 = A3FAAYA FD)oll =2HUS 1
L9 AT 7kAE(signal decay rate)S Ho|H 336
AZK(14%) o1 Tl 27] A52] 30% 7} o]
8] AAEA F3Z Bastleh oA A Al
=¥ 43 ESR iS4 AFtolx= A nl4te]
G302 HAE nudEAFo A S A
F H AFFHo oF 4 Bt =S AIFE o Al Al
T= 2719 B3l Hof 75% 7HA] FESeH <l

) OSL A5 8] HREaIrZ2 2t 4% 42 the] AT S (defect concentration)St WA o] 917] who]
AR wpgt k2 A vepdt) mhEts, 49 OSL AtiEA 7HsAdstE A|Rotct theksict. OSL A2 ke 57H4
F(equivalent dose; &) Gy)S A7HATH(dose rate; ©$] Gy/ka B2 mGy/a)2.2 LJ0o] AXFETHOSL age =

equivalent dose + dose rate).



MY |sothermal TL A1 EA 2 X|47] E[A

33 shollA Q] Ti AlzRto] aatd o2 A=)
thWeon ef al., 2020). o] ATEL 49 QrE0]
Ao L= == AJ7to] vl 71 Bl & & o] ofy gt
H, B3 digh ESR A dat= AA 5 A7)
£ o 5 A wizkA] AefB ke 7ksAdol w2
th= AL 9Ju|3tti(Weon et al., 2020). ¥4} o]
2}, ESR AtiSARolx 9] S7HIZF 242 ESR 4l
% AZF2A(ESR signal growth curve)2 941514
(extrapolation) ©]F|2]7] wiiZof, 4G YA} &
2ok WPALI e} ESR AL5 0] AFRAIS gofaks
ol whet drhaabt Aolstl =24 4 9l
(model dependency).

A9 ITL (Isothermal ThermoLuminescence) 4l
BE SRS Z7MAYI0 2ok BN LI g
2 A YRS LA =olA FAsHHEA S78%
FojylAdL 435 oujgitt A ITL A= o
24 B Beke] Y eBoE BIH O 2|5}
B Ao AR $hon, 4% OSL ALBL K4
A IRSL AL30] H8] G50] & ARG~
3000 Gy)= 7HA17] wizofl ¢F 30 Bt A o]/fo] o2
H Ao gt AtjEH ol 7sd Aom Hy
= 1} QJth(Jain ef al., 2005; Choi e al., 2006). T+
A, n| g4 50 FA Al7]7F A OSL tf
SHolu K-44] IRSL Aty H o= =4 7}
ST At M o] Y B9l ITL AoiSARE &
2% 4= ot 2o 58421 XAy gj4o] 7t
58 Ao|t}. thut o]#gt AH o= B8, Y
ITL A8+ 574 2 5¢t A2 =7 74
(desensitization)dh= £ R o ITL A= AlA|
B339 AdiE BB s ol A7 = Ao
(Buylaert et al., 2006; Huot et al., 2006): F0|d| A
2 e AT AR SR HEshe
Fnjd|A A A& (luminescence per unit dose)” 2 7%
Ol=th(Wintle and Murray, 1999).

o] dtollA= A ITL 4E o83t 35 A
e 7Sl fisled, 71& dtoll Harg ITL
AT NTAE A @S HUs| ARSI EE
A =7 ZHHAFH(SAR procedure; Single Aliquot
Regenerative dose procedure; Murray and Wintle, 2000)
£ 0]83F AEF3] B A% (Dose Recovery Experiment;
Murray and Wintle, 2003)& 3} thoFst E] 4374
9 AThE 2 A9 YRS ITL A2 g

Of CHEH LS Y A8 7t A A 571

7Fs/d< AESHTH
2. M2 2 AEY

AQITL A2 5783 flol oheet =& e7g oA
AT 7] A2 S ol geleik $47192) 24
Ej22 X2 37§BG07, BG14; Song ef al., 2020, NS02;
MOIS, 2023), 3= A& 17l(CP08; MOIS, 2023),
2242 27§(L5890, 1.5950; Choi ef al., 2006)7} A
Foll AHEEIRo, A2 HBS} IGE 217t 35 37 AL
Q229U =(New South Wales)2] Hyams|H1} FAE
B 71 dFsHo| Bxst= ARt
(Weon et al., 2020). XX & HBQ} IG= dfHl=
HHOZRE 1 mm v|7He] ZloJoflA A5} om,
UHZ A 852 A UG A-AH Ao HEFE
(sample tube)E F-2]ol| HasHA st A5 st
At

AEEL =72 A e+ 23AE o 2
A5 G oA A E o] 3t A Fo] FEH U
A& BG07, BG14, NS02, CP08, HB, IGE2 ¥&
TS o]g3te] 90-250 um A7)0 2YA YAE
= 22T 5, 10% HAEe = 3A7E, 10% THARSES
22 AT et APste] AEEEY fES
A ABALE. 0] F, 10% EALS 2 oF 408 53t 4]
UAFe} 7H v RS of|F(etching)sho] B3
Woll Al dabdAte] gk vk Fil(alpha skin)&
AAIGE A E ARE2RE HF2.61 gem’
9] SPT (Sodium Polytungstate) -8-8-& ARE-5}o] 4
P K-AAS 28t (E Aol 7Heteke A=
=< A9, FYol| == JAES K-AA). o] =
Foto] EEE AP YAES THA] ~ 40% EA ~
40% FAto 2 Z4ZF 1AM A2t 5 SR52 Al
Asto] ITL A1854S A%t 284 A FUA &4
£ g=stt

T2 AE F37)9] (AR E F2AIR L5890
7159502 EEYAE &3 U= 87} o1F7]
o 2of, A& WHZ(Stokes’ law of settling) & ©]&
stod 4-11 pm =2719] YA £2513ch 222
ARFEL 10% FAH} 10% ISl X3t 3,
~ 40% B3 FAHH,SiFe) 22 125 F<F BHEA|A
AEd A9 A= FHIsHH

A ITL 45 7|22 4+ &%
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Table 1. The ITL-SAR protocol used for equivalent dose estimation and dose recovery experiments.

Step Treatment

Remark

1 Give dose

0 N AN L kAW

Preheating at 260°C for 10 s
Measuring ITL signal at 310°C for 500 s Ly
Give test dose
Preheating at 260°C for 10 s
Measuring ITL signal at 310°C for 500 s Ty
Optical(blue) stimulation at 280°C for 40 s
Return to step 1 and repeat more than 3 times

AlEjof] A2 Sy 25744 (TL/OSL-
DA-20)2 S Uch A9 YA QAA L} ITL
AT Z7ES A3 7182 A of| F21H Kanthal heater
stripE ©]-8-51%. 2 m(heating rate: 5°C/s), A& 2] &
AHirradiation)= 7]7)¢] F-2kg *Sr v|ebA Y(beta
dose rate to the sample position: 0.1017 £ 0.0025 Gy/s)
S AT A9 ITL A5 A9 YAE 310°C
oflA 500z <t FAISHH SN0, F5ZH|
HPhoto-Multiplier Tube; PMT) $Fe]| 7.5 mm Hoya
U340 FeZE S AR 5to] 249]41 % (max. trans-
mittance at 340 nm)2] A ST AE3IFT}.

4 ITL ALBE ol 8et S7h4e 2747 Aa)
#A3(dose recovery experiment)of= TUA| & A
A= (Single-Aliquot Regenerative-Dose; SAR
H)o] ARE-E QthMurray and Wintle, 2000; Choi et
al., 2006). o]¥l 0] AHEE SARYIS] AT LA}
W27 E 1 W BR8] 7] &akich

3. 482 Y £

31 MAITL AMS EM

3.1.1 Y17}%= HAslsensitivity change)

AR ARAAFEE S7HIF S8 Y 5 ¢
ofub= Al o HI = WSS Al RAFA(test dose)
of| thet S|l 412572 53l HA(correction)
S Quok Bk oy}, BrH A= (additive dose
method)TH= ©2] S7HAe] o] 2kl o]y
X2 A% (natural luminescence intensity)E 0|4
X2~ AA2 A (luminescence growth curve)o]] WAt
3o} o]0} 7] whEol, 21 443 OSL, K44 IRSL
5 QI33A|(phosphor minerals)e] Zu|d|AA ASE

o]-§3t AiSA el 7HE A== #A FEEHIL Q=
4o tMurray and Wintle, 2000, 2003). 3}3)
g AHA FolAA S 2 Bt AR Wi E
7} ¥3}s, o] 9o S == AlFHAM FudjA
2 AT s AT H3E AAE 4 glivke 2
o] QJtkSinghvi et al., 2011). WakA, A4 ITL Al
35 YA R AALAFH A-8ste] A G 57t
AFgE 28T o, 49 JAY AA ITL A% 54
TFR AR WA= A2 A2 HEe,
=29 S7HMIFY g = (accuracy)E 41T 4= ¢l
Al "ot olfl AFolM= A QG ITL 4129 EZHF
AdSE A& 7= 7heth] sk BEA=
AHAXFH 28 1 5, A ITLAE S Al Y
Ehhs 17 HIlH g2 AT Hl

dAdiEA 14 T DAshe UHEHIE S5t
7] SRt Aol S437199 AR B8 Al=el
NS02 (MOIS, 2023)¢} &Y siH1= A =22l IGE A
B3Ik WA, ZH AIRE 15709 49 FAIE(quartz
sub-sample) 2 Ve F, A& NS02E Fu|jAL =
A7) of] B2k A3 (blue-LEDs; 470 + 30 nm)
o] 20002 Ft =EA|A, Hof| 91zt FajyldA
ATE5 R AASHE @A R IGE 8l
Sl A olm] Aol ofa) Saly Al 415 27)
37} o]0l 9 AL2 Bekslo] W
A o3 AT 27138} AYS AFHA] ek 1
Th2, 'Sr HlEFA QS 0] 831 o] & RAIR I
9] A8]A] AZK(laboratory doses; 50 Gy, 200 Gy, 500
Gy, 800 Gy % 1200 Gy; Z} A 3719 A RS
A= ZAFSHIL 260°Coll 4] 102 F%F A 2t
- 310°Co)lA] 500% 5t A ITL A& A5}
Atk 310°C ITL A5 &5 &4 & A|2E 280°C9|
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A ZgAgol 402 F3t =EAIA 310°C ITL A%
7 I8 B SES] HEHA X FojulAda A
= AASIGE A ITL A5 9zE #3ls o]
IS SH HEEske] B E Yo

WS AR ks F AR BF A WA ITL
X527 o]F A ITL A5 U=}t Z4age
< HolEthad 1). A4 sfHl3 AR IGolA 34
H ITL 4139 Al7|= S-S S5 A48 4
adls AR Holw, WHEEA Ay 3t =27
A1 2.9] oF 40%7} 743t 50 Gyoll FHITL 425
Aejetd, A A ITL A5 574 o]F F HA-thA
HAo] BEZ AFTEL 27] A% tiH] oF 20% o]
2 AR la € %) SAASA g4
S AR NS02+= 1G] vlsf 84 FE=23 vie
T FAES HRITHIHY 1b). 50 Gyoll tigHITL Al
S A WA SHol1F oF 90%7} 7432, 200
Gy, 500 Gy, 800 Gy, 1200 Gy®]l 3t ITL A5
A ITL AS 57 0% 242k oF 70%, oF 51%,

oF 43%, °F 31% J= A&7} asto], A QG YAt
S AFY 27]0 W ITL A S 9 =9] g
Zo| gAsHA EojEe S TESIAHIH 169
AFE). 4 ITL A15.9] uhe24 Aol ek
WIZHE 704 B B4 S8IS A Z(G) ek
A B F Ao o F&3] =557] £
g oA FAE S AAA EA S A7
A AASHA =ue, 4 dAZE SR WA
Fk A QG ITL A5 =3t Ato]of] 735t Akt
A7} o= UEFATHIE 1a, 169 4tk). AU
7 &S AR 2717 ARG E U E e
Fo| FolE= @Al tishiAl= oF&] = SHA ol A
BESHA A SHA| FEskar IR, o WA
I+= Huot et al. (2006)7} H113t A3 Aatole o
st

3.12 AdS3 7Hs 3%
FrdAdL AdiSER Y] ASA s R A

1.2
(a)iG (b)NS02 S
=% o
1.0 - o - > o ©
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Fig. 1. Results of the repeated ITL signal measurements using (a) modern beach sand (IG) and (b) alluvial fan deposit
(NS02). The ITL signal measurements were repeated five times for quartz aliquots with different doses from 50
Gy to 1200 Gy. Unlike the sample NS02, the modern beach sample showed the ITL sensitivity decrease of less
than 20% except for the dose of 50 Gy. In the insets, the initial ITL signal sensitivity changes between the first and
the second measurement cycles showed a significant dependency on the size of the absorbed dose.
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Qolt K44 5 27 ot BEe) 2ol 4
37} AAE 4= 9l Fd| A (maximum dose ab-
sorbed by target minerals)o] &3 2=k ¢l
A7F B Eo] HY o= RE AdH o]F, FH F
oA WEEE AQEAMS S5 A& Yol
AR AL, o] A AR AR} Aol 2
Shil(diffuse) == T B¢t 21°FA| o AR g
AR AAET Y 23 AREs “Z8HRE
(trapped charges)”2tal 31, ojuf] A7} LI H=
HAATE “rap™oleh Feh). Lol A2
Ths ATE OB EYMAEE 483 4 g 2
#Ao] AT wEot DU Belo) ok 5,
A5 F 94 Azl Astel QA W) A1
ol A AAER E=|E, ol F A7to] 58 v}
o A B WolA] e B AL
NUAE Brotods TeAe] ot Z715H
Srov], wihA, Zululs ABE 2715k gk
ol& ZEny|AL A5 9] “AFESH)E|(dose satu-
ration level)”2} tc}.

AFA A LA == Fojd| L 450 A|7]2
T AT 9o R dU oA 4g
Z*(single saturating exponential function)2 2
oItk 1),

I = Iy(I-exp(-D/Dy)) A1)

o] 7]0)| A, Dy (characteristic dose)= T EF}X]
T FES AYths Hem FodLs AT
9] 3} o 15 Fdst= 7|0l "ot FA oA
LAE= FHUAA XS E o] 835t =& 571
A (A 1) D)ol Dol F vl ol D >
2Dg)oll= 1FA| S AXAT F oF 86.4% A=t
ZIAAZ YAA = YrjstaL, o] & FrjdlA
2 A5 7F Aol Jlokarl HegtH Wintle
and Murray, 2006). S0l A ASA 715ASH
of gt :=2]+= oju] Hong ef al. (2013, 3.2& “¥

S5 TFsdere] Aol AAISHA 71 =] 9L
ooz o ol4te 7414l AT Attt

NS02 A& 9] A+ OSL Al % (natural OSL signal
in quartz)= A=FESMIE ] 17 @izl OSL &
fEgHo R HadAdEget 7Rsshe (> 105 «
5 ka; 2Dy = 344 £+ 13 Gy), K-&4] pIRIR 5 AT E

B4 =21 HFAYE 173 £ 6 kaoh oA
7H4]80] BAE Ad); MOIS, 2023). NS022] 4%
A7 AT T AR W Sl
F4e3h A AZH0] 327 +0.08 Gy/ka S 7+
QFSHH(MOIS, 2023), NS02 A|22] 49 ¢J=}7}
Hglo] G B9k FAat B WAL 566 + 24
Gy= AXFETH(173 + 6 ka) x (3.27 + 0.08 Gy/ka)).

4 ITL A152) Aj24 7Hs e Slshn
S7HIFE =E3517] 5t NS02=5-E 12719 4
o RARE BN R AN Hgalo] A
= TSR 1). AHA A F(natural quartz) Al

£ 310°Coll A 500 &<t 7FEste] Z43H ITL
AE= S 2719 022 T 4500 7R2E (>
4500 cts/0.2 5)2] X712 B@ow, 7} A= 100
27} AAshd 7] A15.9] 10% n|Tte 2 ITL AlE
7} BASATHTY 29) AFE). o] 4 ITL 744]
T4 ol &3t S 2HE AXE o, A
Z7|(counting statistics) X2 QI3+ Fgke ujn|gt
< 9Ju]gtc}. A ITL AlF (natural ITL signal, 1
% 2] Ab ) mheh Aok A1RAL 412 2000 Gy
of T3t ITL Al & (regenerated ITL signal; 13 2 4}
So] 254 A9 ZATHE SA AL

70
Expected D,: 566 * 24 Gy
ITL 2D,: 1820 + 289 Gy

50 1
5000
40 A
>
~ L & 4000 |
\’< B 2 —— Natural
= 301 > 000 4! Regenerated (2000 Gy)
s
2
% 2000 \
20 - 2
E 1000
10 A 0 —e
ITL De: 0 100 200 300 400 500
724 + 81 Gy Stimulation time (s)
0 T T T T
0 500 1000 1500 2000 2500
Regenerative dose (Gy)

Fig. 2. The quartz ITL signal decay (inset) and growth
curves of the sample NS02. The ITL signals were meas-
ured at 310°C for 500 s. The equivalent dose value (724
+ 81 Gy) obtained using the SAR procedure over-
estimated the expected quartz D, of 566 £+ 24 Gy. From
the ITL-SAR growth curve, the characteristic dose of
1820 + 289 Gy could be derived.
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Bk A G ITL A% A4S ddZe|
g mE A ITL A5E 73400 Watst
o] 724 = 81 Gy9] 57HI=E & & AAHE
2). 0|2 A2 FAHE 221 + 25 ka7} Eof, K-
A pIRIRs AThell H]3l oF 28% B= 22fH 53]
£ 23k A ITL ALt K-4] pIRIRys AtH A
o] ol A 2 28% F =9 Afoli=, K-4] pIRIR,»5
Al50] vgAE A EA B exloA] 7|09
7FsA3E wiAIE = QAR “3.1.1 A ITL 459
e Hslol| A Math A ITL A3 &4 7H4
B BT AR ITL A3 Ue 7havt 4
AUY Ao = FeEh

JgoE B8}, oF 344 Gyol| A AgEsles
o] =ddl= 49 OSL Alsoh= 2], 49 ITL 4l
39| Agzsleze oF 1820 Gy - E9ithe
M2 FE3 kst o], o] AlR9] AFAEH3.27
+0.08 Gy/ka)S 1T uf, 4F ITL ASE o]&
skof oF 557 ka7lA| 9] AtfEH o] 7He S Sjnlgh
tH(1820 Gy + 3.27 Gy/ka).

32 CHUAZ WAL TE S 0|85 M AR

49 ITL A5 Aj24 A< Bosp]
ghojE A9 B 5, ARANA YR Al 2
AFSE FRARA R A E A X given dose)S ITL Al
52 ol g0} 48] To)d 4 Y= (dose recov-
ery)8] o RE AR E 5 Q= AFA@AH ] 7
st E Fa stk & 4 gtk

TrlN 2 AR S o] §3 AFARARL 1)
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Fig. 3. ITL signal growth curves of the representative quartz samples to which 1000 Gy of artificial dose was given.
All quartz ITL signals induced by a series of regeneration doses were well fitted with single saturating exponential
functions. The ITL 2D, values of the aliquots are also denoted in each figure.



MY |sothermal TLAIS EM !

Hl47| =S Chst AiEY 487

Table 2. Summary of the dose recovery results and averaged 2D, values of the samples.
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Sample I;i]/)i?(s)iﬂrolgr?: Giv(ecrilyc;ose Meas(ucr}i](; dose M/G ratio Averzlcg};c)l 2Dy *
200 654 +21 327£0.12 3995 + 245 4
NS02 alluvial 600 825+ 16 1.38+0.03 6970 + 508 4
1000 992 +40 0.99 £0.04 6045 + 1159 4
200 1042 £ 158 521+0.79 1329+ 17 4
CPO08 marine 600 1474 +207 2.46 +0.35 1663 + 12 4
1000 2349 £270 2.35+0.27 1663 £ 18 4
50 260 £ 14 5.21+0.30 442 £ 20 3
100 354+19 3.54+£0.20 487 £29 3
200 534 +20 2.67+0.19 1023 £26 3
L5890 aeolian 300 560 + 18 1.87+£0.07 989 + 26 3
600 842 +28 1.40+0.05 1257 £ 19 3
800 1227 + 47 1.53£0.07 1598 £ 101 3
1000 1334 £ 50 1.33£0.06 1726 + 64 3
50 280 +25 5.60£0.51 431 +£29 3
100 350+29 3.50£0.29 638 +£38 3
200 447 + 19 2.23+£0.10 991 + 53 3
L5950 aeolian 300 558 £25 1.86+0.09 1093 + 86 3
600 895 +£29 1.49 £0.05 1505 £ 108 3
800 1097 £48 1.37+0.06 1530 + 63 3
1000 1383 £ 81 1.38+0.08 1517 +43 3
50 72+3 1.43£0.06 645 £ 103 3
100 114+ 1 1.14 £0.02 809+ 16 6
200 223 +4 1.11 £0.03 693 +4 3
HB modern beach 300 319 +£26 1.06 £ 0.09 487 +5 3
600 658 +31 1.10+£0.05 685+6 3
800 824 + 33 1.03+0.04 913 +£2 3
1000 1166 + 241 1.17+£0.24 869 + 1 3
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Fig. 4. (a-d) Measured to given dose ratios (M/G ratios) of the samples. For most samples, the given doses were
overesimated by the ITL-SAR. However, with the increase in the given doses, the degree of overestimation decreased,
M/G ratios becoming closer to unity. (e) It is noticeable that, for the modern beach sample HB, the given doses
were well recovered using quartz ITL signal, except for the given dose of 50 Gy.
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Fig. 6. The dose recovery experiments of two two alluvial samples (a) BG07 and (b) BG14. After subtracting the
residual ITL dose (Dyes) from the apparent dose (Dypp), the given dose of 700 Gy were accurately recovered with
the M/G ratio being 1.00 (averaged M/G ratio: ~ 0.98). To the contrary, for the given dose of 40 Gy, the measured
dose (Dy) was shown to still overestimate the given dose, in which the measured to given dose ratio was ~ 1.6

(averaged M/G ratio: ~ 1.7).
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