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K-A-41-& 0]8-3F IRSL (Infrared Stimulated Luminescence)
AdiZA e Hdelet A&

o —_ o [=]
SI27 | Z ISR AT QEMIE] SIS
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2 %

o] ol i H B AT G KA IRSL ArhSAMe] ol 23 A 8 ApelE 7hets] gejsta, 3
3 el o) Aol s =ofstsich. K-34] IRSL 4157} 419 OSL &g ozt ko] ojx)7} gl
SHE BA50) AT 200 ka)Z ZHT 4+ Urke FHE AT LS B, anomalous fadingT 2L
A S0 Q3] 1 52 Thaet BaBe] dnjZ o] SV} Qleieh. Eek Azker 2] QoA E, K-
A4 Vo] WAL 9l elde] EAR QUF R 5, Ao OSL ATiS R aks 9 Al=lE e o
232 w257 913 Tsok sh R ASo| TeFstch. H2 MEE|T 9l post IR-IRSL A5 o} §3+ U]
AFATIES anomalous fading®] GoE HABHs}e] KA IRSL AThS49) BE=S 27 olx glom, of
ot B730) E2% Y AtEAe] HBA0R 48T ik AR AAHT QU 71 &B ol Wit tol 7
el = KA IRSL Ath2g8 e B89 A7 aukse] 43t 3710k glom, 9o 49 OSL dArjZ4Mat
37, ofe] EasAel ] FAE TRt BH o] AriEAel 9851 288 4 9he Ao Azt

FR0{: K-&4], IRSL (Infrared Stimulated Luminescence), anomalous fading, post IR-IRSL, WX 7kA=F

Seongchan Hong, Jeong-Heon Choi, Eun-Young Yeo and Jong-Wook Kim, 2013, Principles of K-Feldspar
IRSL (InfraRed Stimulated Luminescence) Dating and Its Applications. Journal of the Geological Society
of Korea. v. 49, no. 2, p. 305-324

ABSTRACT: In this review, we briefly introduce the basic principles of K-feldspar IRSL dating method, with a
few case studies. Although K-feldspar IRSL signals are useful for dating old samples beyond usual quartz OSL
age range (> 200 ka), the application has been limited, mainly due to anomalous fading, which usually causes age
underestimation. Also, in terms of dose rate estimation, unlike quartz OSL dating, internal (or intrinsic) absorption
of ionizing radiation, due to radioactive elements within the crystal lattice (e.g., “K and 87Rb), should be taken
into account. Recent advances in K-feldspar IRSL dating have focused on the use of less or non-fading IRSL signal
component, namely post IR-IRSL signals measured at elevated temperatures. In several case studies, the post
IR-IRSL ages are reported to be encouraging, showing ages which are in good agreement with other independent
age controls. With these and other theoretical and instrumental developments, we consider that K-feldspar IRSL
dating methods, together with quartz OSL dating, can be more actively applied to various sediment samples,
covering wider age ranges than before.
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1. Mo

2719] Fujdlds AEAL EA17] (pottery) 2t
2 afEo EERIARE e ol50] 25
2 0 2 GA}Z(thermal event)S Z-2 o] % 733t A]
7+ 2381 & Fo|dldA(ThermoLuminescence, TL)
AtE o] QubHolglch, ol 2719 TL rh
Aoz T A B A 02 Belalx) o
2 E3IIAIA|F (polymineral samples)E AESHATH
(e.g., Aitken et al., 1968). ©]%, AR5 & tjAil Lo
2 o7jste] FopddA AEE A7) S AEA /717
A WRAIYE AR, HYUYAE o18=-EFod7] 7]
YA A& (Optically Stimulated Luminescence
Dating, OSL At&4)9] 7Is/d©] Huntley ef al.
(1985)°] ofal] H=2 A7 = k. A G U= F=3F
84 P27} the Bgo] ule) vl 2hkstod, 43l
Apo] A7 W sfatzAT ol 215 Ajolo)
AdTA o it ofali7} vl -folsh(e.g., Preusser
et al., 2009 and references therein), 4 g Y=}l A
TEE = OSL A% EA4S Ao At =24 &2
A e FE HIS) AAR o2 & - =l Tk
(e.g., Chapter 2 in Botter- Jensen et al., 2003). ©|&]
3 olfE, AYYR= OSL A& A 27
SARNAFE AdiSE REE= 7 e A
Hof grom, At 10049 5t o] Foi 7 thefst 4
AL S B R 8 ddiS (e,
AR ANSH )0l i B2 e dol &=
HAQ Aoz A] theFgt Al47] 2 ZHjA ol
gt oSl FEA AEHL AT HA
7ol tigt 49 OSL dAth&7g% <] 2-8-AHHl:= Boreas
vol. 37 (2008), Issue 4 “Special Issue: Luminescence
dating of Quaternary sediments” & &11).

A OSL AiS8% 7Het A 9f vlsgt 2719
K74 ARt ot Frjdjid 2 iS4 (K44 IRSL
AhE%) 7Fsd= A7-E17] AlAFskEek(Hiitt ef al.,
1988)(F diEHe HAS=E she W2 AolA
OSL AdiSgi2 &3] A ge AMupge] o=
A7INA L2 A ZF o83t A AjA7}F HFH L
2 gl kg o]F Bt AREE sk ddiS
g o2 Rols o A1 glon, dubzo= OsL A
SHolERE A Fe o183t Fruluids A 2
otk Rhdef K- ddiSg2 IR vbge] 3o

2 o7|AA EYE FrdAA ATE o]8sto] &
58S AAsE] dizol, ¢ubdo=s KAk IRSL
(InfraRed Stimulated Luminescence) A&7 o)t gt
o} o] =TI HE KAHHo] tigt ol Qloja
A KAH IR AdhEAolet e, shAla,
Wintle (1973)0] ofe] 22A|20] TL A5 gt
T2 B Ak ulo} Zol, KAHYRE 9 5L
9 59| RIAE ZeH ok FllIA 4
S} oA AHR R Fadhs 49 ‘anoma-
lous fading’ @AHE Hold, o2 2l3|| IRSL A=
A7 A EA Aot IaErE E 5= gl o
24 $tHe.g., Wallinga et al., 2001). ©] anomalous
fading FARE A B7HAe] Ryl ddjEAR )
ket 2 go] 22 A9 OSL Aj=AHe] 5]
o] o]RojX FH Q0| Ao Heryst
(Université du Québec) & FAOZ o] FARS &
3] 91gt A7 23] WElolgiehLamothe and
Auclair, 1999; Huntley and Lamothe, 2001; Auclair
et al., 2003; Lamothe et al., 2003; Kars et al., 2008).
ol59) A 2 AFAY AT el WAL
& et R AR IRSL AL57} Aol w2l
How Fashs JES S4sle] RSL A5 4g
(IRSL fading rate)2 713131, 0|5 vigro 2 K-AH4]
IRSL AtfAxE EH(fading rate correction)sh=
BRI ¢S F3IH3.44 “Anomalous
Fading¥} IRSL AthH A" 3=E). shA|9L, B2 7,
83279 @A (reproducibility)o] =3| EFF
o gt ople}, S HAES AE5to] EAE A
7} ofel thE AdisAgH oz % Adigr ¢
S1R] oh= 797t wol, AdiAante] Alg|zef ofFo]
A71=o] gt o] ol f-==2 sl 2ol anom-
alous fading &/o] 79} Yojubx] AV 1 F =7}
FAIE G IRSL A5 @ A5 &3] 93t 85
o] Al&= 1 Qi Thomsen et al., 2008; Buylaert et
al., 2009; Li and Li, 2011a).

olo} 2 TolE 27ahT, KAHYRH =
nlli2 AvEAYA BARA A4l Al
diafo] Bl o], ka0, KA AR IRSL
N5} Hgke] OSL Alsol Mg} B58 He
EZ 3} (dose saturation level)S Ho|H, w2}
A, B 23 E E- 2] gt AtiSg0] 7hssh7] o
Folth &, 499 OSL A&, A7 2] EAlo] wleh



K-EMe 0

O e A dRbE o= oF 250-350 Gy W9
A Z3}E 7] *]X—POP— ], T YAt 3
HHgERE G ok BAHAT
%, dose rate)S °F 3 Gyka'Z 7}gslH oF
80-120 ka W &|& dAj&AAsto 2 & 4= it} 9]
of whafl, K-34] IRSL Als9] Z3pAaghe di7f
~1500-2000 GyZ A% OSL A& & o] 8RS mr
o 2 2 H EAHE(> 500 ka)of et AhSA
o] 715 Hk. webd, $7] Befo A ol
5|5 2o gi3t A A3 A=A NS 2771 A} 7}
45514] ithi W& ZoIeh, KA IRSL c)&
e olol that theto] B 4 YL Roltt. g,
S 4y Sapolslols, A9l ol
2 57} vlefele] AtkEge] ofelgol Ik B
2 45, A9 L8 AR 52
Eﬂf?_ ANSAANA = & A d o

A IRSL A&7 Rol disiAl= 1 5t
g ‘E*‘r"’é-\—]—é"] S E o] gont, ok = A
TFAE AR B4t o] gol, =Hollie K%
A o83 IRSL S H | Yot 2T =2
Hi e S, 7 @ B AaEdE
I A 2rEs] 2SR 0|9t HEo], tEA
U9l 2% drAtEES APk, FF U &

74 A7 o= Fat 2 4 A=F S

ojyMA SEEH|

A SulyHs SR Qutdoe Yt

e filier basket +
~ U-340 filter

blue and IR LED clusters

flcs ‘)

OSL stimulation unit

Fig. 1. Location of IR LEDs for stimulation of K-feld-
spar IRSL signal (from Rise DTU, 2010).
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Risg DTU (Technical University of Denmark), ©]
9] DaybreakAl 1&]31, EY 9] FreibergAl 50l
A AZE LIS 0] 85te] o]Fo|RaL Qioh
o] oA FollA $aHIL = ALY RRES
Znjy|Ad A doj&A o] Risg DTUJ|A AJZHE TL/
OSL-DA Alg|==2 o]Fojx|1L 1L, o] gt 7]
221 AYIAAY, HE7] §)2 Choi et al
(2004) 2] “2.2.1. FrHl AL 25787407 of| A Tk
F37] e Zofl, o] =Fol|A= Risp DTU &H] 5
K- IRSL A &4 2t T E of 7|3 HEZ
B F5of| s A gk 7hes] A2 stat.

oju], “1. AA"olA AF3Tt Hie} Zo], K44
IRSL A1 &= K-AA JAE IR 2o W o 2 of7]A]
A AP E]7] wize]l, Risg DTU 1] 2] of 7133 ol =
2 AR} =48 Blue-LED (470 nm, FWHM 20 nm,
Max. Power Density = ~50 mW/ sz)olﬂoﬂ, 870
nm (EWHM 40 nm) o} 530 2 A| 2.8 o}7]212 5
%= IR-LED7} A ] =0 9tk (Max. Power Density
= ~135 mW/cm’; 1% 1). IR-LED (Light Emitting
Diodes) 2 oJ7]A]A @HAY3E K-AH4 IRSL A= 4
£7](Photomultiplier Tube) ¢l X ¥ Blue filter
pack (4 mm Corning 7-59 + 2 mm Schott BG 39;
Max. peak wavelength at ~ 380 nm)-& ©]-&3}¢],
A QJelghe Al A 0 2 drE o] ol g,

=

3. K-&4 IRSL 2159

Jlm

3.1 K-ZA IRSL AlS9| M|7|(IRSL sensitivity)

K-44] IRSL A129] A|7]= dRta oz FUsgt
AzoA 2EE A, & T HAAHE 7
= 499 OSL Az vlsf X FFsiet. 17 29]
AIEE] bAoA A F e AR (A ZHE SDS14-1,
S7HdE: 9F 10 Gy)oll A 22 K44 IRSL A1 &
o} A9 OSL #A4|54S =AISHATHK- A4 9] &
S “4.1. KA Y £27 oA Z4A|8] oY
o}); A2 9] A|719F A F A TS flod, TR
748k (single exponential decay function) 2
L o5 oz HHEE Ag OSL Alsel= o
2], K44 IRSL ZH2] 242 “L = (1+Bt)” (L; IRSL
413, B: initial charge population, 1<P<2)” ¢} 22
w3k (power function) 2 & H-L &3} vtsic}
(Bailiff and Barnett, 1994).
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0ol
|0>I
2
b

2l

FHABAEA0] A KN HAYIEL
A Az AKlaboratory irradiation)E }A] &2 2}
A & (natural sample)2A] o]2F o2 FUFH
AthE AUT ek o] FHBHES AubHel K-
%4 IRSL ATh=4} 49 OSL A=l 4 AF
|E = SARA0A BREGY S, IRSL AS+=
oF 20071 9] ma]=7] K-A244&H90-250 1m, mask
size: 3 mm)E 320 C o)A 602 B2t AT 5,
IR LEDE ©o|-§3}4 50C 9] &&= A 200% 5t =
REjglom, OSL AlsL ok 2000749 mej=7] A
4 AH90-250 £, mask size: 8 mm)E 260C o A]
102 F<t E-A 2t = 470 nm o] Mg
© 2 125C oA 40% 53t S = Ach(HE Y, 1
20 402744 9] IRSL AlZ5HS EAEHATH. A]
& SDS14-104 |3t K-A42] 27] IRSL 415
L oF 6400 cts/0.2s2 4], A OSL 27415 A7)
(2F 400 cts/0.16s)0] B3] YS3](ek 168) 730,
298 KR4I NG ARt A2 mefsh, S
3 opo] A|RE AFEHL S, IRSL A2 A]7]
= B A1) 49 OSL A5 o) Hla) Al 2
A0S ok 5= 3l

K-7g-4o] Ao vlsl &53] of7]FHof| w3t
A Fu AL E BEdhe olf= o= 77
Ttk &, A #A, 2. FojulAds 477 o) A
A3t Hiel o] Al & o]l 7F8R]+= IR LED 9] pow-
er density7} g H T} ofF 367} =7] wzof|,
IRSL 4157} OSL Al&Hct o] 8302 &L
U= 7FsAdol ok By, HEEe Frjuds
A5 0] A|7]+&= A& 9] detrapping probability 2} &+

SDS14-1

I 400
5000 8
N

: -
% 4000 300
0 3000 —— KF-IRSL I
) e

—— Q-OSL

0 10 20 30 40
Stimulation time(s)
Fig. 2. Comparison of IRSL and OSL decay curves
measured from K-feldspar and quartz aliquots with
same mask size (~ 8 mm). The sample grains were re-
covered from coastal dune sands (Shindu-ri).

ra

2
rjo
02

N
O

Ho| JI(F oI XA XS Lt)=nebexp(-bt), no: trap
H ARES] 27| 74, b: detrapping probability,
t: 7|AIZY), ol THA] o7]33-¢2] HhAl712} H
(b = oly, o Fo|2sHAA, I o734
Z|thA|7]) Zetshd, 713399 2t power den-
sity Z}o](IR LEDs: Blue LEDs = ~ 3:1)7t2.2+= K-
A4} IR0l A] & ERE IRSLTOSL ALEA]
719) Aol g B AT 4 g8 AoITh A, K-
Moz HE &5 IRSL A1&E9] source trap
9 ZojylAdA AE (luminescence center)o]] t 3l
A oF2] gHAsHA A 2jx]of 91| A|THe.g., Li and
Tso, 1997; Li et al., 1997; Murray et al., 2009; Jain
and Ankjegaard, 2011; Li and Li, 2011b; Fu et al.,
2012), K- 9] IRSL A1 5.9} THAH trap=2] Fo|
esjero] 4o ula) Alks] AL, S5
Fo|y|AA AlE(radiative center)?] %7} A<
Ajol 3 WS 7Hsel ek Al WAz, o
7130l ¥hgste] FrUAAE HEAT)E K34
YA AfisFo] A g UApoll vls] Bokr] 2 &
ATHZ, light-sensitivedt JR}o] =7} K-Z4jo] ¢
S5 B2 715A4)). Duller et al. (2003)3} Li et al.
(Q011):& ThIAFREI M2 2o o, e
Hle) BTk e AR} R AL A5 S W
3= A2 TESFF A, Reimann ef al. (2012)+= 2+
) wtae] S2A) B2l te phlelA) 2
SuAs 2HAES B, HGe A4 ARl o
5%, 2412] -9 oF 20% 9] QA7 ol 71epo] v
gto] AdjSA o AFSE Thgt Frjd AL AT E R
23re Bashdthay 3).

]
Q
c
[1]
Q
(7]
]
£
E
=
o |
= |
© 1 emmmmms p|RIR K-feldspar
= aeame (Quartz
£ 0.2 |
5 | — === 5% brightest grains
(&) : --------- 80 % of total light sum
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Fig. 3. Proportion of light-sensitive K-feldspar and
quartz grains (from Reimann et al., 2012).
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2ol Tkt K4 IRSL ALEE42, A=} o)
T oM (d-rid) HYYARRE ARSA
o o] 8 ThE FHH OSL TS 25 4 g7
o, B2 olgAelrt A2 Fot 419 OSL
A5 7} F53] Wk (sensitization) E| X] &2 A&
Se) Anj24o] 9le}HJeong and Choi, 2012), K-
X34 IRSL 4158 0|8 AAej2o] theto] B 4
NS HojEet

32 OICISH JHsastel oia
K84 IRSL Az 9] 7hg 2 A2, “1. A7l
A gt viel o], 49 OSL 4Also vjsf A=
% 7Fs/dtol k= dloll Ak GLAEAEH
(Single-Aliquot Regenerative-Dose protocol, SAR
protocol; Murray and Wintle, 2000, 2003)-& 7]%F
o= 3 FuddL SRl Foldx
S Al&dof| RAHE A deolA A=l 7het v
AP o 2 Qs WAshe Folul A Als ) A
TAE s, o] & AAF v A A A% (natural
luminescence signal) ¢} H] w8l 57 HdgKequivalent
dose, Do) 273t SGAA AT S o83 5
74AeF AA-L Choi et al. (2004)o| 4] ZFAJ] TR
o} A4 A&E = regeneration dose)T} o] 2 A3
S FojddL ATete] #A = &3] 9
BR|=8(single saturating exponential function)
2 Aolx)= A=A (growth curve) & 2 LepdTh
(411, 719 4(a)).
I = Io(T-exp(-D/Dy)) (411)
A 191 I A=7F F58 Aol w2t 5
7¥ohe FoldlAds Az A7), e AgE3eE
(dose saturation level), D= A|&9] 574, Dy
= EXAeH(characteristic dose)>& T ZT}A]
T FES AHske 247 " o918 S0,
Fojdds ASAozRE A3l S7HIZeI
ST 2oE(S, D=Dy), o] Ala= H4E
olF, FHoA WEH= AAYAsl =EH,
ARG7Fs T AAER O] oF 63.2% F = E3}E o 9l
oL 2 & ok AR AAF A A A
717} Z3pze] 7RI (L), A% 53
o ofzte] 22K717] | FALAN)7E ol 7l

Pgre v 2 0x1E Ko, o251 AN )
Ane AL 4 gA ek 29 4b)e] 2rldA
2 AHZA7FEAR] 7P7he WA A =l et A
FEHE EASHEHAEA SITAR). o] A
29| 2rAA AATHY EYHZHDYE 79
Gyolw, AASu[yHA A5E o] JAFT4e] 1
AFSFe] @& 57HAIRKD.)-2 229 Gyolgiek. wheha,
4 125 1= 0.945510¢] AL AYsted, 7} A
FEse2()el WS- 7Y WE & % ek of
A%, AAREAL ZHLA7} 33% (1o BES
el B, 0|2 913 of7| s FrH)
SAPHSIE 193-298 Gyl W] Hek. Qubg o=
Sulids AfEge] gloid, ETo =Y
A FrhiIe] EMY a7t Ui A9,

oo

%

i

I = I)(1-exp(-D/Dy))

Natural luminescence

N

Corrected Luminescence

D

e

0 150 300 450 600
Regeneration Dose (Gy)

3.3% 10 SE

Corrected OSL
N

D,=79Gy

G
o L4 i 193 Gy

|
D,=229 Gy 298 6y

0 100 200 300

Regeneration Dose (Gy)

Fig. 4. (a) SAR-based dose response growth curve of
luminescence signals (b) In case that the natural lumi-
nescence is close to dose saturation level (I—1), the re-
sultant D, values are far less precisely determined with
large uncertainties.
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D>2Dy & |, 86.4% 012 Z33H), SAHE 571
Ak o] 25 H ol AA = A155HA o
AEjofof k= A o2 HolEoix]al Qlek(Wintle and
Murray, 2006).

a9 59 &4 =S2AY g ERHS(HEHE
1004NE-4)oflA] Ea]gt K-3-4 IRSL Al&9} 4
OSL AZ9] A&5Ae vlal-E=ASIH. o] A=
of| A K-Z4] IRSL Al &9} 4G OSL 4159 E444
ZFZH(Dy value)2 Z+2} 256 Gy <} 115 Gyoltt. w2t
A, A4S 3 Gy ka ' 2 7H9E A9, A9 OSL
AT 2L ok 76 ka (2x115+3)717] <] Ahvhe =3
g 4 Qi Wb, K- o 2= oF 170 ka7tA] A
Z70] 73 det AAI=, A2 1004NE-4] A
g A gt K4 9] A OSL W IRSL Al &=
HF oF 1.80]%JaL(T ™ 5 y&4] tolokzZE Aa),
ol A g OSL A&9 4549 2ol 2

S 2A(2E 59 ZAA), o] EHFL AFE o
&3 OSL ddi&Ao] E7FsS Hojeh vhd
of, A% IRSL A1 25 K- IRSL 4754 9ol W
Aete] 319 Gy9l 57Hd%, & anomalous fading
BALS FAZCH oF 106 ka (7H1%2 3 Gy ka'
2 713) 9] HAAdE 7+ 4 ok

33 MY OSL AMSgo| Ast

ShA AT F 7119 K34 IRSL 41554 o]
&Jof|l = IRSL A &5 o] &3 A SH oAM= Aled
A2 I (&A= ) oA ThEShE A ARt
o|Z QIR OSL 41%.9] & FAIE += ke A

3.0

1004NE-4

25 Pt
-~

/[( DorsL = 256 Gy

Doos. = 115 Gy

Corrected Luminescence

OosL
IRSL

! IRSL : ~319Gy
1000

0 500 1500 2000 2500

Regenerated Dose(Gy)
Fig. 5. Dose response growth curves of K-feldspar IRSL
signal and quartz OSL signal. The sample grains were
recovered from fluvial terrace sediments in Uljin area.

T AREA SHA F23 E 5t IRSL Al
EAolzt T &= Stk AE7HA] 43l vi2= A€
Mo o717 A%, 120Colate] Aeliels|z
AL A 2)star=(Jain et al., 2005), 4G YAZEE
FudAX A7 A HEEHA| o= Aoz oY
] th(Short and Huntley, 1992). wehA], Tk A]
BAAT IPolA A go] s Ee-AAEA
2rEte Ao of7| = WEE= IRSL 4155 54
s, HhEshe Aedolro] 2 BAglo] KAHHR
oA 7| ¥sk= AlERkS S Ha, F FEL
9] E4ato] & QIgE Fud A 415 9] 7Hd2 A

31 1) ek,

3.4 Anomalous fading2} IRSL QiCHEA

K- IRSL 415.9] vg/2%1 7H4]@ Hanomalous
fading &-& athermal fading)S golut Wi} 72
QRO X 8] F4= glol, Al7to] Aol whah K-
9] IRSL 415 (latent IRSL signal)7} AFA &<
E Fasshs S nfgitt mebs, K-S ol
gt E & &2 IRSL A&7 A] anomalous fading &
S 185kA] ¢Fo, IRSL AtfESAEoh= AAE
A “ TP SR 2olo] Bckeg, Wallinga ef
al., 2007; Li et al., 2008; Reimann et al., 2011; Buylaert
etal., 2012).

Anomalous fading @42 Wintle (1973)0] pAH}
W A AR TL Al Zof| 4] 22 3813z, 1980-90
Y& AXHA K-A4] IRSL 4% 9] anomalous
fading& A8 5}17] Y13t o 2] 7HA| ZEEo| A A=

(@) (b)
conduction band conduction band
-2 €2
——
X 12 Excited ! !
-i- -----?-: state x: *
1

e L e
i i/

¥ W

© <

-.— Traps
valence band 'e_ Holes valence band

Fig. 6. (a) The localized transition model (redrawn from
Templer (1986)), (b) Quantum tunneling effect (redrawn
from Visocekas (1985)).
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Qltt. o] F, Templer (1986) 2] =52 o] =@(The
localized transition model; 13 6(a))2} Visocekas
(1985, 1993) 2] A E & 3HQuantum or wave-me-
chanical tunneling effect; 1% 6(b))7} anomalous
fadingS Awste tiwd Bdolz & <= =,
TR HolRAo| L BHoR A7t Az
Q= trapI}t Fu]y| A A AlE (luminescence center)
7} 538t excited stated F-5-31H, trapoll A W&
H AR excited stateE AA Frjuld2 AlE <}
Aot IS AR trapy} Frjd AL AlE
2% el EAsk=s 538§ defectE 9Jn]st,
FudAA Az E MRS trapo A HEE £
oA Aot AgstHA EAR Trapat £
oy A2 AlE o] digk Ul8-2 Aitken (1998)2] “1.
Basic notions: luminescence” o] AFA||S] AH & o]
AUck AT, F7RA Holrwd 2 T2 x| ojFof A
B2 5= TLAIS 9] anomalous fading @4 A
g7l fls At Re=, 2T KA anom-
alous fading®] @A FAIE| AT O3t Ao
2 7H4 2 o]sE|aL Ut} Spooner (1994)+= Fu]
ylAda E40] 2 A YE <] Q= 24719 FAA RS
= AMESHY, olE2RE WEE= IRSL AE9
fading rate®} EI-2I(sample storage temper-
ature)&] H|Z| A7} AFs] w|oFE WAL,
o|9} 7+ m|ekst doj&A(thermal dependence)
S vlg o2 [RSL Al oA == anomalous
fadinge] =332 Holmdrri:= JAEHEaINE
w23 oty 5T THY, Spooner (1994) 2]
A= g IRSL A1 29| ) Bk =0}
Wxs Belslo] Qlohe, ol deuixol] ofat
HAAE9] excited state 2 9] AFelH S (thermally as-
sisted transition of electrons into excited states)
7h AAee RAstel, FRAolwAe] IRSL
A% anomalous fading®] =9 HAAS 7HHF S
2 ANt 377 Hee Aolh PArEd mbo]
e 2 HolmWiks 9 trape] A5
conduction band (€2 conduction band B}Z o}
2 2] band-tail states)7}A] =E35}7]of a3t o
of7le] FrglolE, Tululils Aleleh Agtehe
2% anomalous fading®] 7|2 T2 A|AZ 714
3} Qi

oFAE g melo] OJ5hH, trap® A (trapped

electrons) @] ZHAZFFE X535 W= (Visocekas,
1985), o] "2 2 Huntley and Lamothe (2001)
L K-AA IRSLE & A o] 910 A] anomalous fad-
ingoll olaf FaHrbE T A Adks wget
7] gfat %51 wPE-S Agkatgch. olof W, of
Aedade] ot K44 IRSL 4159 anom-
alous fading2 Th&-1} Zro] FRAETH(A] 2).

I=I[1— ﬁlogm(%” (412

o]7]of| A, 19} = ARl Yoje] WhabslE 7het
F, V7 19}t A)ZHE S Bste] £3HIRSL A%
9] A|7](intensity), g+= AIZFe] A= 1gko] thgt
A3 0| AR, F, 10812 Al7to] At wf Zha
3 IRSL A5 H| &L ou|alis Aoz A} o] 1S
fading rateg} &3} AE Eo, AAHANA &
ko] WA ARl AV, 480417 A2
oAl A3t F(t=480) =43+ IRSL AlZ(I)7}, 48
A 7HEet B3et B (t.=48) 245 IRSL A135(1.) 2
95% 2, Thae] Folollxlet o] 5% 2] g-gh(g-value)
< 9A "t

480
)

0.95=1— Llogm(ﬂ

100 (/5-1 3)

g BH R “%/decade” ] THE AR
sl ol 919 solxist 2ol 4817k 480417
Ato]9] fading rate7} 5% RTHH, 1dofA 109 A}
o], -2 100Woj| A 1000 Alo]<] fading rate(g-
)= 5% de ulgteh (4] 2)¢ SlojA] gt 74R] 5=
5 9t AL, g-gke] ALt Al t& B A 25t
Aol et g-groll &F7ke] Ztolzt )17] wiZell,
FEY FoA = tE 2¢(U8AIRN & HAsto] g-3k
S B3kl Qitke.g., gadays = 3.3910.11% / decade,
1% 7(a); Buylaert et al., 2008). Anomalous fading
HAS 93 AAEA D ALPHE Aitken (1998,
Appendix D), Huntley and Lamothe (2001)2} Auclair
et al. (2003)of] Z}A3] 271 = o] Qlct. A2, anom-
alous fading @AFE BA3IA] U 7391841 ka9]
AYE Eol= A EE, Zodays = 3.010.9% /decade 9]
fading rate® 123}¥S w, 2443 kao] BPH
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IRSL At & &A "Hel(2™ 7(b)).

3.5 Non- or less fading IRSL A&

AN A 27t viel Zro], anomalous fading
Ae BAst] K44 IRSL A& o] A= =s
E0|7] §I3F o] Al=So] MY Lo, op&7t
A= dubA o2 284 o Qe B AN HL
AA] ¢ttt A& £, Huntley and Lamothe (2001)
2} Auclair et al. (2003)0|4] 278 EHHL, o]2
o TR ot P E= IRSL AT A=
A9 AARE, & PAMIZT IRSL A15.9] A7]17F
AP BAE Hole #2 At Al=ofut 28
o] 7Fs31H, Auclair et al. (2003)0] 1E2] Lo
A AT QAT Bk} o], B2 AlThEet AEA

3.05

Ly/ Ty

2.95-

y
3.39 + 0.11%/decade

25

I Tx

23

Lx

C2days = 3-0 £ 0.9 %/decade

21

T T 1
10

Delay (h)

o1

Fig. 7. Derivation of fading rates with relative un-
certainties of ~ 3% (a) and ~ 30% (b), both of which are
expressed as “%/decade”.

of| A 0] A| = fading AFNA EEEHE= A5 9
FaRes 4 % A=0)7] gz, Adayset
A4 4= Qe &4 2 2H(measurement error) <} 1
3] 7] etk 2, AW H o= Aol g-gte] A
A(reproducibility) o] =3] Wrh=thdo] Qlck(e.g.,
a9 7(b)). E3L Bt 23H AR(Z, DI} ESHA]
etde] Aol Aol El A =)of Tt fading
rate 2L $3|A] Lamothe ef al. (2003)> Dose
Rate Correction (DRC)HE A2t} o] GA|
7|29 BAAHT} TR 2 g-7ho) AR o] =
SHA] &¥tHAuclair et al., 2007). w2ba, 2EAZH
IRSL A=, 5HH R AlgEe ddidzt
(independent age control)2}2] H| 2} of| 23| A
T A E o] gREE BT EUTh

K-Z42] anomalous fading @4} o] 2 <1gk
Aj27 Aol oRE YU o2 FH3) ot
o, fading @4o] AE ALY, T2 fading @/o|
AriA ol Y vAA @2 TF wu)gt IRSL
A5 s Rohs Zo] A2 LolyHs A
A AFAEY 7 AFFA T shHE R 8L
t}. Thomsen et al. (2008)2 ThFst o712 A3 4
=279 232 #8sto] KA IRSL 4%
fading rate ¥13}5 A5 A A= o] Aol
A K-4] IRSL 41%9] fading rate7} SR =7}
942 ok AL ARHo IRIsgod
(2" 8), Al=d o8] 23 5, [250C BH-A (60
%) — IRSL (readout T = 50C) — IRSL (readout T

g,, (%o/decade)

0 T

T T T
0 50 100 150 200

Stimulation temperature (°C)
Fig. 8. The dependence of fading rate in K-feldspar

IRSL signals on stimulation temperatures (modified
from Thomsen et al., 2008).
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=225C)]9] TS B3t dojz 225CofA &3
3t IRSL A&7} 714 W& oF 1-3% / decade W 2] 2]
fading rateE R YS H 13} ch(blue filter pack
o2 FE, 24 FupAdL S Zx); ght
202 K-44 IRSL Al e} g2 50 C ol A 73t
o] FEZHIRSL A5 5 ofn|shH, 919} o] 50T o
A IRSL 2l 3743 ol F, o £& SEoH 2%
H IRSL A& E post IR-IRSL Al &2} st 2| F7t
2| B11F post [R-IRSL A1 &= 225C #at ofuz},
o] B} &2 o] LEA SAE L Q17| wizof, &
Fof A= post IR-IRSLY] S =E o HA=E &
Al5R= 73971 Wrhe.g., 225 Cof|A] post IR-IRSL Al
35 AP 79 post IR-IRSLoys Z-2 pIR-IRSLogs
So2 B7|¢It} o] =RAE o]t e BTHES
wE ),

2009 Murray et al. (2009)&= A¥H AF1E 5
3f| post IR-IRSL A1 5.2 source trap©] 400C o] A}
O] K-AA TL w39} o] 932 WL, <
HEAHS B4 02 ah= AP E=300T ol del &
A2 2=2} 290 C o A 2] post IR-IRSL (£, post
IR-IRSLao0) AlZZ7J0] HigrA]sictar Aebst Tt
Buylaert ef al. (2009)= A|2E [320C A 2] (60
%) — IRSL (readout T =50C)] 2 H |3k o] %, =
H2wg 200C 2 Z7hAA UL post IRIRSL (%,
post IR-IRSLy) A159] fading @Ako] oF 1%/
decade "|tO 2 w2 m]oFoh-S TSIl o (1™
9), Thiel ef al. (2012)2 & ST H=HZo|A
Murray et al. (2009)] A[¢F2} post IR-IRSLaoAl &

1.06

H22550

1.04 4
1.02 4
1.00 4
0.98 -

post-IR IR, gogays™ -
N 1.22+0.08 %/dec.
N

0.96 -

norm L,/T,

0% IR at 50°C, gpgaye=

0.92 {4.9 £ 0.6 %/dec.
0.90 |

0.88 T T T T
0.01 0.1 1 10 100 1000

time (hours)
Fig. 9. Comparison of fading rates measured using
IRSL and post IR-IRSLjg signals in K-feldspar
(modified from Buylaert et al. (2009)).

7b ZHEH | ol=27 JEe H2=2 B
K34 IRSL Al&= obie] 23" B Solzt &
A2E, anomalous fading @AFCZ Q13| A=
ZIPFEH ] UF 4 P2 TWSHH, Thiel ef al.
(2012) 8] A= post IR-IRSLag A1 &7} anomalous
fading®] Y& 712 BA e AN Ak
A& ZEsiA STk ok 2009 o] 5] o]
Fojil ol2Tt I AFEAAE v e R HZ K-
A& o] &3t W2 =FoA post IR-IRSLygpAl S
£ qith=ge] HBA 02 g3 AR} Flehn
QIth(e.g., Kars et al., 2012; Thiel et al., 2012). post
IR-IRSLogp A1Z = IRSL A5 of H|3)] Atz oz Hl
of| Ezsted, 7129] pIR-IRSLawy A&7} ¥ &7} 3
A AL A AAE7] feide = AlbEt
Hof| = Eofok itk Bado] Qe 10), oF
200 ka oo 22 d E45-o] ASAl =4 &
|740] L, FruldL S Ao dubAl
E=71 2 10% WHel(lo EEAY) S 7IaHd,
EHFA] incomplete bleaching© 2 I3+ A<
TG 7E e A ake] A Ak /X e
Aol A FFE VIAA FE A= BZEH(E
AL 35 Ful A2 A5 9] bleaching ¥} Aty
243} oju]i= Choi et al. (2004)2] “2.1.38" Fx).

o] @]o == Li and Li (2011a)+=Thomsen et al. (2008)
o] Akt Axhi= e, UukAl 224(F, 50T
A) A IRSL AZE £33 o] &, dAA ez 25
E=57hHA of2H 9] [RSL A1 35 2484 “multi-
elevated temperature post IR-IRSL (©]3}, MET-post

—e— pIRIR,,
—o— IRg,
« 1
=
x
-
ks
3 0.1
©
£
§ 0.01
0.001 4 T r v T r
10" 10° 10! 102 10 10*  10°

Bleaching time (s)
Fig. 10. Bleaching of pIR-IRSL,99 and IRSL signals in
K-feldspar when exposed to UV light Buylaert et al. (in
press).
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IR-IRSL)* Ae|27942 Aetal7|= 3k, o] MET-
post IR-IRSL AEAH E3}, anomalous fading
a7 71 A& IRSL AlE @45 2o} ¥ 9]
fading 22} glo] AHE =&t &3
o]7]+= AT, post IR-IRSL 415.9] F-Eof tis)
7|19 Atoks ohE Y-S Hol i}, &, MET-
post IR-IRSL Atj&A oA+ IRSL A1 &7} multiple
trapol| A FEighS 712 7 2 & }A|9L Thomsen
et al. (2008)2} Murray et al. (2009) 5-o|l 4= single
trap& APYSHTL QUEklo] thet 2HHIet -2 Li and
Li (2011a)¢} ©]% Thomsen et al. (2012), Li and Li
(2012)0]14] o] S0] A =015 F).

4. K-&4A IRSL QILHEA

K442 o] 83 IRSL i ke 4o OSL
QA2 SR K] B olF, 5,
syl o2Re Ao o F 21T & AQIATL
(57M1FH(D.), equivalent dose, Gy)Z} K- 4=}
7t 910) B¢+ del WA EolUa)zRY
2 EE AFAHAR 9 93X (cosmic ray)ol =
Eulo] TN FoHs WA AL,
dose rate, Gy/ka &2 mGy/a)S vl o2 18 4=
SITHA 4)
K-&FA 0] E7FA2KG

(471914, Az
B AN} 92 AT )

(414)

o

a8y, KAzl BEE= IRSL 41359
EA4Z A OSL A58} Aol £t ofy e, “34
A Anomalous fading®} IRSL AthE A" oA AF
St B¢} Zro] anomalous fading @Ato] T E R
SIS fgt AP x7o] A OSL Ale&
223} mjob= oju A 3Jol7} 9k E3F, A7k
ZF 3400 oA KA 9 Fofl A DAzt &
5= QB A7 AT (external dose rate) #At ol
g}, KA A 5o] Z3HE A S A4 YK
oA WEH= B vA 2] F(internal dose rate)
L= asfiof 5t7] wizofl A9 OSL A& <] 7
SHTH= G2 AAE FE 712 a7t ok

oo HshAl= “4.2-4.3 A" o)) AA 23] TFET)

4.1 K-ZAMo| 2|

g B2 KRS Bejohs AR
=gtz

D HHE Aas 9T detez 54 Al
AgHH(e.g., 90-180 im, 180-212 ym )

@ AAL Fatel 5E RS 10% HC (1
AIZH T 10% HoO, (1A17F-24X17H 2 A 25he] ghik
=L f71ES AAT

@ o] & H]ZH(Sodium Polytungstate, Liquid
form)& o83t Mg EZ35= H|FSHp > 2.62
g/em) T K-S 23F6H= B]Z77Hp <258 g/em’)
= B’

@ uFo] 262 g/em’ BT} 2 Pk ARES
40% HF2 458-1A3F F &= oAsto, 4FUAE
FE3h3, 49 OSL AthEel WAt 29 A8
FTHE M ERRE Adate] EelE-e Choi ef
al. (2004, Appendix) oA Z}A|3] THERATH

©® H]Zo] 258 g/cm’ET} L A BEL 10%
HF2 oF 4023+ Aefstel, KAHol9)o] B2 &
SA71T, KAHo] BT ofF 7 e
5% A F a-particleo] FaFE W HPER
B AR

® wR|eo 2 10% HCIZ oF 2087t A 25ke]
HFA2|3 5 A2 4= = =3+ = (fluoride
minerals)& A| A3t}

Slo) BelHe Folo] 2EE HHAAE %
o] 2 Bl &(K, Na, Ca H|-&)& FAHIAE || 3 (SEM,
Scanning Electron Microprobe) ¥} of| L 2| 231 &
71(EDS, Energy Dispersive Spectroscopy)& A&
st SAIRTHE 11; ©] A== Sohbati et al.(in
press)oll AME E2EZ S EHE AR RRE
oHh. £33}, v|Fo] 258 g/cm Kt 2 T
ZH) QRS2 g Na- 52 K4 0]3le, o]
F AAEAE Q2] 85.4%) AAelAl Kol ol
29] ~ 60% o) AABFA. ol= AAIE 2
HE Foto] KAH S BaH o2 B8 4 8S
A A3k,

4.2 SIIM2F EH(equivalent dose estimation)
2 AL e KA IRSL iS4 gt
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Table 1. Measurement protocols for K-feldspar D. estimation using (A) IRSL and (B) pIR-IRSL:9 signals.

Protocol (A) Protocol (B)
Step Treatment Step Treatment

1 regeneration dose” 1 regeneration dose”

2 preheat (at 250°C for 60 s) 2 preheat (at 320°C for 60 s)
3 IRSL (at 50°C for 200 s)

3 IRSL (at 50C for 200 s) Lirso 4 IRSL (at 290C for 200 s) Li pir290

4 test dose 5 test dose

5 preheat (at 250°C for 60 s) 6 preheat (at 320C for 60 s)
7 IRSL (at 50°C for 200 s)

6 IRSL (at 50°C for 200 s) T 1r50 8 IRSL (at 290°C for 200 s) T; pir290
9 IRSL (at 325C for 200 s)

7 return to step 1 10 return to step 1

* For natural samples, no irradiation is administered.

Ca
0.6

04

0.2

Na-—--

04 0.6 0.8 1.0
Fig. 11. Elemental concentration of K, Na and Ca in
K-feldspar extracts from fluvial samples from Portugal
(modified from Sohbati et al., in press).

00 K

SV 4L 7|EF 22 Murray and Wintle
(2000)0] 413 OSL Ath=H-S 913} Alekar ehelA]
EAEHS vl o 2 1Al QJtiWallinga et al., 2000).
KAHAA] S7IERAS giot dutoz
TV E3] HgHel £ B EY AETe
2 19] Protocol (A)9} ZthLamothe et al., 2001;
Huot and Lamothe, 2003, A 2@ 9] Yut
22l AR Choi et al. (2004)9] “2.227" F%). &,
AAXN BN ERA T F, dHA e} YA A
31A] ok K-Z4)E 250 CoflA] 602 52t 7HE g
&, 50 Cof| 4] 200% FF IRSL A58 SAgict &
FE IRSL 41T & 27] 42 5% SAH AZofA
mRRE 202 2t SAE AZ(HBEA)E

£ Lirso ©]2} Btk o] AFIA F¢ ol
U= K4 A1) RIS B As17] 9|5,

LAY AlHAM (test dose)& =AM &, [84
A2 —IRSL 54| I& THESHS Twso 2t}
o] T2 EAAE AA Lo Lirsos Tirso= U701
x-y BEAe] y-2o] EA8lT, o8 BA A<in]
Y| A2 (corrected natural luminescence, Riirso)2t
3t} o] 3, A 2] AH A (regeneration dose) S
K-ZgAof 7Fsta A, $19] B2 WHEshd, Aol
w2 IRSL A3 0] A4S GA =L, o] AR
A ol Fzo dojR AAFu AL 7 WAksE
o VMRS FTHIE 12, A2 AA).

Post IR-IRSLyS ©]-§3t 57H1% 42 84
A& 320C oA 60% FF AAIHH, 50 CoflA]
RO 2 A 2F 7] X171 5, ThA] 290 C oflA] 200
2 FAIRSL A5 5 Z75to] o] o Xth(Thiel ef
al., 2011a; Buylaert et al., 2012; 3 1, Protocol (B);
a7 12, IJAAA). dLAZAA - A= Frld|
KA AT ST B2 BE AEAFHET2 A
Aeg)of| gt FululAd A A 57t HEsHA A A==
AL 712 HA = gt sHA|TL post IR-IRSLagp A1
3= "3.14 K-A4 IRSL A13.9] A|7]7 0| A 7Het3]
AGT vRe} o), ST FL A2t SHsHA
AA =R 2= 773 0] 271 wiZell, post IR-IRSLas
ATE AT o|F, Bk 2 2%(325C)oflA] 200
Z 53U THA] S IR F 0 2 of 7|5k b Faly|
A A5 E AATITHE 1, Protocol (B)<] step 9).

4.3 QZtM2F =X (dose rate estimation)
K-44 IRSL AdiS54S A A= KA
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A FHO FEZRE YEEE AATA A 7]
QI3 9] F AZHAl=F(external dose rate) ¥qk o}
2}, K- o] UK, VRba} 22 A B¢l
o] B = gt WA, & WF AZHA=K(internal
dose rate or intrinsic dose rate)< &7 1L 3fof gt
CHQF AT S7o et AAIEE A2 Choi
et al. (2004)©] 2.3. 4 H=). R A 02 K-AA 9|
5 AT 7 AT 30% HE=E AHA|
517] wZoll, K34 o] K} Rbo| gk A<t
5] S D art qlok shA|gL SYR XA Ay
% KAH QASE 7 Al o5 kel 3
ol AR 018 5 T, TAUAE AFEIHE AS
£ Agstit, Yub oz 4 94 Whel theln
2 oz slof AtiEol o]Rolx7) e,
2t NRE(S, 2 AR golzolx Reld K-
o] BRd ALTFS AHEIIE F97H BT,
Huntley and Baril (1997)-2 K-3-4 IRSL S oA
AF Al K @& 125405% 2 788 23 AlRbsHa
11, Huntley and Hancock (2001)2 K-3-4] 2] 3
#2921 Rb gL 4004100 ppm 2 AAISFH Lt
o] F A= oF AETt 1009d ]| o|u] Mejdahl
(1987)0] 2571 2] Al 25 NAA (Neutron Activation

4 .
Q
Q
c
S
g 3
=
E
3
5 27
(1]
©
2
XE o IRSL,
(&
—7#"-Domso = 19 Gy
g7 """ PIRARSLy,
0 ! /Pe,plkzsu = .28 Gy . .
0 50 100 150 200 250

Regeneration Dose (Gy)

Fig. 12. D, estimation using SAR (Single Aliquot
Regenerative-Dose protocol)-based dose response
growth curves of K-feldspar IRSLso and pIR-IRSLa90
signals (modified from Choi et al., in preparation).
De,1R50 is lower than De.pIRZ‘)O by about 10 Gy, due to
anomalous fading.

Analysis) 2 £2A5Fo] AAJgE Kt Rb 9] A
A et B4 (A 5)o] LA HellA {2
S & HojErt

Rb (ppm) =-9.17 +38.13K (%) (] 5)

SEA|RE, AR K74 IRSL AdiS7g ol QoA =
S ANEY K32 125% 2 7Hgsh= A2, -9
wzl, 53], YRATAFo] ¥ A= Al
574 Aol FASHA| & Y 9% & =
AUtk A& =01, E5= HZehe9 73544 3t
G - E D gl =zt Fx) B YErE215 m
(180-250 £m) Q1 K-A o] K gk 2F 4.0-7.4 % <]
HIE-S Hol=t|, o]59 S7HZ R A4
k2 717k 20 Gy 9} 1.0 Gy/ka 2 74452, 1316 ka
O] Atf7FAREET o], ol& AR K-S T
8] 12.5% 2 7H8k= 73-9(°] 7% Alkt==IRSL ¢
= 11 kaolt}), <F 20-32% A= d4H71H IRSL
AdE A B Yugtct.

SHH, KA 5] Kt Rb -2 K449 ¢
At=27) 9} vl @A ol St} &, IRSL AthSA o A
S KA AR 2717F AXE, UAF Holl 2
T PAME A Q4 K TRb O] FFE o)A
=31, whEbA] K- o] EJZE o] & AA| A o &2 J4=
3 AT (R AR = 22 2719 YAHE T
724 ©ck. Mejdahl (1987)7} Readhead (2002)=
K441 9] 37)0f w2 “Kat YRbe) gt o] 52wt
AMIB I E QIS AeFE<&(absorbed dose frac-
tion) o] BAIS AAISITE o] 52 TA Ao w2t
K- 9] 37]9F YR AT 4iAE 19
130]] =AJSFETH O] Lol A] Rb - 2] 50 o}
2K oz R $EHIT). o] 24 YRbo
HlEHE 7 2 Q15 YR AR R YKol n)a) oS- &
=2 FET el dyrE o2 AiSA ol AREE
L 2d37](90-250 ()] K-3F4 2] A2, “Rbe] &
ANE2 QAF WRATATFS HA WRATHAZE
10% o Exshs & 4= itk &, K4 Y7
AT Akbel] Jlo] R K g A o] FAHE
O F83hS 2 HojEr) 22 7] 2askA] Y
HAH(KBSI) T} Risg DTU= 7|&9] Fr|yAdL &
AA "] mini-XRFE A28y, S7HAF 54
o o] 85 KA YA=2HE K FE A 5%

o

W)

[
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T e NS TR AR, SEATE
o tKook et al., 2012; 713 14). o3 A=A
S Sote, FF WRATE 49 A= &
A 1% 9u)Ql= AA0] & AL 2 7| Et
KAy 9] Uxt The = QI R A7 o] of
3t A HA| ThesHA| 2= o] et Mejdahl (1987)
& Azke o} A 9 o] K42 ol 45}0] Uzt Th
o) HAMEITZ Qg RAZPTE 0.10£0.05
Gy/ka2 AIBET, Kol ©Igt et v]msta Uzt
Tho] WlRgizkAI=g] 71314 afol 2AIR ghsteke
FASNAT A, o] F 33 BB KAAS
e 2 3 Zhao and Li (2005)9] Z 3= 212-250
im =171¢) KA Q7oA Ut Thel st vl
7haiero] 2] vazke] 2o 24% 8 A8}
w, UhzkAleE 240 glo] K slo] Ust The) o
= BAT 5 HrkR e THE B
5}, 21 o]0l A1 i Thare K44 IRSL ¢
&Aoo A= Ut Tho 2 g WRAZAZS 1
2fala] ere o] xkHolo, o 5e] JFe BA

steiehe ole} 2 SYHel drjAsle sk
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Fig. 13. Dependence of internal dose rates on K-feld-
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