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A47) Hze] B A7) 2L 99 48T 4 e ANSHUE % 492} OSL (Optically stimulated
luminescence) 4158 ol 48 ANZAEE A2 Alopo] A7) ulio] charetr Aol AEH 1 Slck. 4
OSL At &A 7hs /e (gard o=, oF 105 | A%) o]4te] e eid Al &9 ¢, 4G OSL AT R ¢ &
Y A71E 24T 4 = K-AA IRSL (InfraRed Stimulated Luminescence) A1 S & o]-&35F A7} th B
=3l Qi o] Ao A= K-%4] pIRIRys 4159 2713 B4 W AthEA Aate] A =g els) Bk
ot A5FY =& ME K-A4 pIRIRys 4S5 S48 23 K4 [R5 4159 7|&0f 1% 49
OSL A5 o] v|3)| 27|38} =7} =2|A YebdS 1% 4= 99l o]& Yol e&F S off K-Z4] pIRIR,5
Az Y =9 273} EAJ 2 QI8 K-44] pIRIRys AthSA A7t AA| EFAdE LB 7HE 720l Sl
2 AR A FhEAE ARE e SAH AN E D (Central Age Model)S Z-83 A YA K7
A pIRIRys ATH2 4 ATHE 8.8 £ 0.6 Gy 2T 84 AR B8 3ol 4 A8 570 A20] ek thalx)
K-% pIRIRzs 1137 231 Al=obeh Aol glovt 4% OSL Ai2 Aol wjs) Hgaom 5.5+
29 ka HE 228 AE Bk olelst ATELS K-24 plRIRys Al57H 2] 2715} SA02 1) A7
EHANE LBt = Qo 4G OSL ANS7 7Hs/d3t o] Ll A& (2F 105 | o] iholl A=
1 ggFo] EH AL 10% m|vtolm, 2ujldA AiESg A7 FU%(lo 71&, At + 10% WehE
Zerehd H250 A 7] A Aty oz FEeE 4 93-S oujgtth

Z20f: 4% OSL A&, K-34 pIRIRns, 15 2715, B4 F4 HA%, 447 H4%

ABSTRACT: Among dating methods that can be applied to Quaternary sediments, quartz OSL (Optically
Stimulated Luminescence) dating has been used in various environments because quartz, the target mineral for
dating, are ubiquitous. Recently, for samples older than datable limit of quartz OSL dating (ca. ~10 ka), K-feldspar
IRSL (InfraRed Stimulated Luminescence) signals are widely applied. In this paper, we aim to examine the
bleaching characteristics of K-feldspar pIRIR,s signal and the reliability of the K-feldspar pIRIR,,s age results.
K-feldspar pIRIR ;5 signals stimulated with solar simulator show slower bleaching than those of quartz OSL and
K-feldspar IRs signal. This indicates that the K-feldspar pIRIR»5 ages are likely to overestimate the depositional
ages due to slow bleaching at deposition. K-feldspar pIRIR,s dating performed on a modern flood deposit was,
however, as low as 8.8 £ 0.6 Gy. Although K-feldspar pIRIR,s ages for five samples collected from terrestrial
alluvial fan deposits vary from sample to sample, they are older than quartz OSL ages only by 5.5 £2.9 ka on average.
These results suggest that the K-feldspar pIRIR 5 signals may overestimate depositional ages due to slow bleaching.
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However, it is presumed that the effect is likely to be negligible for old samples, thus K-feldspar pIRIR»,s dating
can be reliably applied to Quaternary sediments, particularly for those older than ~ 100 ka.

Key words: quartz OSL dating, K-feldspar pIRIR,s, bleaching rate, modern flood sediment, alluvial fan sediment
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AAAE oA 5T = e B2 FEHES
HAY] 7|55 HYst= &8 2 5 3tk o] 5 A
AvfA & &3t A SE71&9 THS A Fsh, 1
719, AR gl 1A ASHY A 5 TRt g
T 2ol & 7194 skaL Qitk AF7HA| A E] &
o8 A 5, 4B o83t OSL (Optically
Stimulated Luminescence) ASAHL A7 9] A|
oFo] A4 glon, &Y A& AHAH(SAR protocol;
Single Aliquot Regenerative-dose protocol; Murry
and Wintle, 2000)0] 7j@%s o]% kst 3174 9 &
BAIZI1E 7= Al47] EZS ZFEA S85H
1tHFuchs and Owen, 2008; Madsen and Murray,
2009; Rhodes, 2011). YHt& o2 Ao OSL A5
ol-g3te] 24 7t Attt T Alg S
=) A E A=A (dose response growth curve)
9] EAJATH(Dy; characteristic dose)S o3l 2
A=t E4 A& thet 574 (equivalent dose)
o] SAAF Y 21 o]Foltd & 25 $Hs}Y]
o] 2]l Wintle and Murray (2006)2 2Dy 4<%
OSL Az 2 S47Fs3t 2df Aoz Ajtstsich
4% OSL A&7 7Hsd3he Hg oF 109H d A
o2 A Qleri(Wallinga and Cunningham, 2015),
Hejxze] Belx B4, AT 5 cloket 87
# aQlo] oja) Beb 4 glek. TR, HoAz
vt} S47Ksa Arjareo] BhE 4 glon] AR
228 HAZol AtjEgo] BT A9E 9
TH(Choi et al., 2014; Song et al., 2020). Wang et al.
(2006)2 A4 TT-OSL (Thermally transferred OSL)
257} 71&9] A OSL AtiEAol Hlel &2 &
& 7hs3ehE 7R B gk 9leu TT-0SL
A% Z dlof & g3t Efi(light insensitive trap)
o ;] S A F(Li et al., 2006)= % OSL A&
of H)3]] =¥ 27]3} £=(slow bleaching rate)e} Zt
o A (residual dose)= 714 7] izl AA| A2
e A e EEES EEEEE R

THTsukamoto et al., 2008).

K-Z4 IRSL (InfraRed Stimulated Luminescence)
A5 4% OSL ALEHT} W] cifgh 2 WZH=(OSL
sensitivity) & 1.0]7] wjZof|, s~ Ed Hof g
AE A2 AR tigt AtiEAgel A3st Bk of
Yt ZAHEZE E4AD) 0l diEer 27
2o QHE EZ3(F 105 & ool gt <
t=Ao] S-2lslcBuylaert ef al., 2012; Sohbati et
al., 2012). ¥HH, K- Af-2ofA R =RE 4
ojuf Yl 22 o LA S F58HA] bl = At
o] Zzte el wet IRSL A&7} AAA A o 2 Zhast
£ v|ARA k4 @A (anomalous fading &2 athe-
rmal fading)o] ‘Asleq, o|F BASFA| oo A
Al Aeidto] v g7t AaE @A |k
Thomsen et al. (2008)2 AEZ O Z 50°Cof|A =
7g51e K744 IRSL 41 3(IRso) ol H[8H, S0°CelA] IRSL
A5 EHT F 50°C Bt} & 2=(9E &
225°C, 290°C 5)ol|A =73t IRSL A&7} v|AAr
A A @Ao] FAsHA A TS Flsti e
), 6|2 post IR-IRSLy (0]} pIRIRy, &7]4] T=
SARE. 9 & S°] T7}225°C2HH, pIRIR»s A1 2
= 50°Cof|lA] IRy 4% S £ 225°Co|A S48t
IRSLyys A15)2}F shgeh. Li and Li (2011)& 23
25 dAZe R F7HA o8 24 SA%
KA MET-pIRIR (Multi-elevated-temperature post-IR
IRSL) A15:E Akl 2g3153ck. Li and Li (2011)
7F Ak K24 MET-pIRIR &R 7]
2= (stimulation temperature)o]] W= IRSL A2
T8 3 i) 4B S B 2Aslo] Bl 4 ol
#4330] glonk, K34 pIRIRy ATiEg ek 2u) o]
Ae] Z3A17k0] ARE| AT A 2E ofF) L=
oA 278z 374 $<HIRSL ALE7} £4Eo] &
AT T E S o] dEel SHe) 5
97} & @ 3}tHThomsen ef al., 2012). A&3H vfe}
%o], pIRIRy (22 MET-pIRIR) AHSHH2 4
@ OSL A&7 7Fs/dgh(eF 109k |) Xt o
2 =120 AjEHol Selsl] o], 22 g
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S5 T I AAA S F2 7| S Hstet HRE
A oA o] AchS7g ol FEA 2851 Ak(Kolb

and Fuchs, 2018; Le Béon et al., 2018; Val Balen
et al.,2019; Yongqing et al., 2022).

SEA|RE, K44 IRSL Al3= 33y & 9o
EEEHS o A9 OSL Az Hth 27|35+ &
Z7t Aoz =e7] iz, EAn Fofl ¢
HotA A AR ot F2 A2 = s A F
AAdEct e | ARdHE AN 7S
HiAIE 4= It Godfrey-Smith et al., 1988; Buylaert
et al., 2012; Colarossi et al., 2015; Smedley et al.,
2015). wahA), o] =RAAE B T4 HA2T &
4 AR ER oA AT A|22] KA pIRIRxs
A% 2713 B4 AdigA 29E HR LR K-
&4 pIRIRys ANS7 Aite A= =F gelstar
A% OSL A&7 7FadetEnt e 44

A7) B2 Zole] 28 7hs ol thal = lsheich
2. N2 Y Algiuy

AA| E| &g of| A K--4] pIRIR,,s ATHSA 2
o] A= g ERI15E] Y8l @AY (modern) T~ E|
A2 Ame} 49 OSL AYANT} £2E 84 Al
AR E45 ARE Aol ARSI TH™E 1). &
A B ERAE ARE 20208 79 HE 399 9
3k obd HE O R AFGA] e+ 85 AA
Qo) FA3E EZZAA AFHSHHTHLE a, 1b;
20209 849 25U A=A F]). S ALA] EHS Al
B2 ET A= A8l BAFA St olA =2
S B HAE EHddE 5 49 OSL dAtfE
W} BRuE 82 AZBYG-01, 02, 03, 05, 14)
2 A=A o) ARL3HETHSong et al., 2020; 1

Fig. 1. (a) Satellite map showing the sampling sites. Samples were taken from (b) modern sediments formed by
flooding (sample code 2008 GC-02) and (c) alluvial fan deposits (Song et al., 2020).
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la, lc). AAY & HZF A BE A 0835t §
SRR EERECEE BEE R PR REE T E
sU2 Ugsigon BEY 224 vdg 0|83
of #7HHo2 o] LBHE AL YRS
S AR BAS AlEe SR A 25 e
PO FEPEE EEENEEREERE.
Hasick

A& YFE To|ZE o] 54| 2 T I
B3 ARE ol EH30] B4 o] F A
Ao eEH BFO| F | em 7FFS A|AT H o
g4 sia A2 AAelol] ALgelgich. HHE A
2 GRS B9 90250 um 27)9) Y-S
gt &, A9 EET F71ES AASH] S8l 10%
HCIZ} 10% H,0,9 A2ls}gict. o]3 10% HFZ
Hojap A olsle] FEES F7h2 AT
10% HFZ AZ¥E AA&=L SH(SPT; Sodium
Polytungstate, p=2.62g/cm’)& 0]&-5}o] FHof|A]
= BREAH Ttk FRAIYOE £
slgich & BE2 10% HCIZ 25t B3A
E(fluoride precipitates)2 A|ASH T A=A o) A}
$UKAHYE SS3leirk 7elke 232 cone
HFo] A2sto] 4G 9o Fas= 772 i o
A A% 5 conc. HCIZ &3 A-E(fluoride precip-
itates)& A ATt HFHoR o3t AGUAE
w2sh3ich

4% OSL 9 K44 IRSL AjS4& 337]%
oA AT A 2ol HA P2
(Rise TL/OSL-DA-20)Z 0]85}%t}; o] Aol
AREE K- IRSL A58 50°Cof|l A S IRso
4159} IRsy A1 827 3 225°Co| A 5743 pIRIRxs
A58 FAAHOIT, BRE A 0] 5 4152 7}
Z} IRso pIRIRs A1 &2} SFETH. A4]g OSL dth
2240 HAe7} $2H A YA EZ Blue-LEDs (470
nm)Z &7|A|#A 7.5 mm Hoya U-340 2 & 53}
o Rl ASE g TR § g
A K] IRSL Aol KA Z12H IRLEDs
(870 nm)%} IR laser (830 nm)ZE 7| XA Blue-fil-
ter pack (Corning 7-59¢} 2 mm Schott BG39)& &
agt 2ol A58 Ageich B K-
A IRSL A& o83t F7HAZS] SAA
+ FAAg=E(Minimum Age Model (MAM)) &,
o] AL A 4 ok, ofdl A

o) A2 Hojgt naH o sfasly) et 2%
2ol SR B FHAREY(Central Age
Model (CAM); Galbraith et al., 1999)2 -85}
=&k o1 Sol. TAUR KA pIRIRx:
S/ B0 HadAdrdS A8t FAA
£ ¢ 4% FAAYRDS A8 Aupurt A
& S7hMwo] E2HE Rlo] Qubdoln], o)k o]
=50] BHQl “BlZThA] K4 pIRIRys A5
2715 Qg AR 2 7hs o) Sl

K-ZM IRSL 415 27|35}
FugAa ASHHS 0|85t A &
E A A7t =557 A= A Gl K34 9
A7t Ao 2 B A E|7] o] Fof o At o
2 &5 o] 7|29 Fruylda A7 278 =
£ #(bleaching) ¥}4o] Aolt). Yty om
A% OSL A& Hof| & 25t =& E Tk 7|E
415 0] tfj -2 o] A|A =R, K-44] pIRIR»s A%
£ 49 OSL AEr} o o 7] Aadrk
ot A Ut Godfrey-Smith et al., 1988; Buylaert
et al., 2012; Colarossi et al., 2015; Smedley et al.,
2015; 1 2).
o] ARoA= AHE A RZEEH g KA
A IRsp Y pIRIRys A8 27|13} EAJS 15t}
%158 (Honle SOL2) l=EAl7tof| e K-3H4] 9
IRSL A5 St &4 A B&FolA
2% gF BYG-10 (Song et al., 2020; 13 1c)of|A]
T K-AA YRS 2 A2 fAige =

i

© p-N
E L § Bea g
= [ N g 9
o (] 820
o =0 g0 O
2 0.1 "= ® e o
S : [ s ¢}
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Fig. 2. Quartz and K-feldspar luminescence signal de-
crease with bleaching time by using solar simulator
(modified from Colarossi et al., 2015).
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Fet F AFFHof| oF 9TAIZE Bt leEA|A K-
AJRP7} Bl o]F ZA3F Fry|lAdA A5 (latent
luminescence signal)Z A|ASIAT) o] &, K-AH4]
Al &of APA HAHZAMITE: 100 Gy, Al@AE: 30
Gy)y& AR &, 67 ZFL= Hiro] 07t A
Z|tf 3.75A17171A] Q1-5-gol =& A1 F K-AH4]
IR502} pIRIRys A5 SASIATH =S AL ol o}
2t 15E 2 2-3709) &2 H(aliquot) & o]-8). K-%
A pIRIRs A15+= 100 Gy9] HAMIS A S Q1
3ol =2 AI71A] 23 £33 K44 pIRIRys
ASE 7|02 A3Fd 10% 5 =E3A T &
oF 27%, 1AIZE Bt 3 XX F ¢F 50%9] 4137}
AAEE 1T 4= UAAHTH 3). K44 pIRIR»s
A% = A3 A =SAITE1 3.75A70] At
gk Floll= 271 A2 oF 11%7} do} gl3o] ozt
HAHZE 3). o]of ¥haf K44 IRso 41%+= 100
Gye] WA 24} A5 248 59} vl wste] <l
TFY 102 ¢ =E= S 1| 2F 30%, 3.754]
ZF w2 A17] olFoll oF 6v%7HA] Zshe] KA
pIRIRys AT HT} 27|38} &% (bleaching rate)7}
A o2 wEA Yepsith o dAtoAE A Y
OSL A15.9] 27|35} A2 AABHA] tont, <l

10{ e s IRe
@ PpIRIR225
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Fig. 3. Decrease in K-feldspar IRSL signals with bleach-
ing time with solar simulator. At first, the samples were
exposed to solar simulator for 97 h to remove natural
doses (latent luminescence signals). After the irradi-
ation of 100 Gy, IRso and pIRIR»;s signals were meas-
ured with respect to the duration of solar simulator
exposure.
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318t 4= QI tH(Colarossi et al., 2015; 13 2).
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32 A E|ME A|BE2 0|23 K-2HA [RSL
Z7|3}
AT 2 ATYAL 0|85 KA RSL (R
pIRIRys) 413 27|38} AAFI(1E 2, 3) K-4
pIRIRys 4157 A9 OSL¥}F K-&4 IRso A5
Hla) = 27131 542 71 S BIE S A
o] A K- pIRIRys 415.0] =7 27|38t E4 S
2 3 duiSA A= AA = Aol vlsf 3}
57 2 7ol ok AAl HAgh oA K-
A pIRIRys A1ZE o] 83t AiSH 237t A 5
SR BT P ENEE
3 A F= EHASH(2H 1b)oll A 22 K4
UAFE of-&3to] T YAKsingle grain) pIRIRys A
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B3 QRS2 = 9 - = A TN ARl A FA
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F2o17] ofHr). hAw B AR AEHLS A
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Ao A AR B A EYAS ST o e
A& o] QJtHDuller, 2008; Smedley ef al., 2015). T
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57} %9 Bt ohjel ANty o WA Rt F <
o240l S8 4 i W) Bl go] 7] W
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et al., 2012; Hong et al., 2013; Smedley et al.,
2019) DL ASAel AMEH= FAAE
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o] Jelgt o7} @ =T, Murray et al., 2012).
Ao ARE-H F 500719] K- 2L 5 A&
ol At 457 S4E 170709 K- YA=

Table 1. OSL and IRSL ages of the samples used in this study.

£ 0004 2e) 127 Gy7HH] e S7hae R g
Fom, AR EY(Central Age Model)S
shal

=oAL

10

=1
g

=

8.8 0.6 Gy ©|th(1d 4a; ¥ 1).

Multiple grain Single grain
| OSL IRSL IRSL
Type Sample

Do(Gy) age(kay ReoDe PIRIRz Gl SRRIL pRIR, ST
(Gy)  De(Gy) (ka) age (ka) D. (Gy) age (ka)

BYG-01 42+0.2 1.2+0.1 4+1 1142 1.1+0.2  2.9+0.6 N.A N.A

BYG-02 33+1 9+1 5812  100+17 2144 26+4 N.A N.A

Alluvial BYG-03 31+1 10+1 3743 5443 11+1 15+1 3742 10+1

BYG-05 15.5£0.7 4.9+0.3 15+1 264 43403 6.9+1.1 18+2 5+1

BYG-14 26.7£0.7 8.1+0.3 3042 3942 8.6+0.4 10+1 N.A N.A

Nhoocl)e(‘l’“ 2008GC-02  N.A N.A NA NA 8.8+0.6  N.A

* All multiple grain K-feldspar IRso and pIRIR2,5 ages are fading corrected using g-values of each sample.
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Fig. 4. Probability density plots of the equivalent doses from (a) modern analogue and (b), (c), (d) alluvial fan deposits.
In modern analogue samples, quartz OSL dating was not performed.
F: K-feldspar, Q: Quartz, MG: Multiple Grain, SG: Single Grain.
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3.3 M OSL et K-2HA IRSL ¢CHZxt Hlw

7|&9 BT A5 B3l HY OSL ddi=
AL =2 AR(OH logs Y RZ K3
A IRso & pIRIRys AHSH S HAJBH o] 59 F
oA s AiEA AYRE Bl BOtthE 1). §
5709 Al=ef thsl K-84] pIRIRys AHSES A
A3tg.oH BYG-033} -05%= @4 34 H8= A
204 AT AT} SRR SR KA
PIRIR»s A4S Wapstoiet. 2 A=) 57ha
F Ail= 25 FAAREA(Central Age model)
2 ol g5to] ASHITHE 1). BYG-013}-149] 3
%, K44 pIRIRys Q&4 23HE 4 OSL <
i dte] vl A= ed AdE HolH, 1L 2}
ol # 2 ka v|ko| KL 4b, 4d; E1). 34
T BYG-029] K-44 pIRIRys Ath&SEd = 26
+4kaZ Y OSL AHESHZIH9 £ 1 ka)9} v|uL
3104 17 ka 92l SIS LreRAcK 1 4o). BYG-03
=249 OSL Adi57427% 10 + 1 ka, ThdAF R
AR K4 pIRIRys AHSAH 2T 2442 15 + 1
ka, 10 £ 1 ka2 Z3E|glom BYG-05= 44 OSL
ASH 2T} 4.9 + 0.3 ka, A 5 DA YA K-
4 pIRIRy,s AHER A 242 6.9 + 1.1 ka, 5 +
1 ka®] Z7E AXBIECK T 5a, Sb; E 1). BYG-03
T}-05 57 A=) tisf ARt SGLURF K74 pIRIR:s
Adis7d Aihs BF 74 AR 49 OSL ddi=
7 Aot AU YoM dAske AE Kol
o, oA K- pIRIRys AhEA 2= 49
OSL dHi=7d 2ol wisf oF 2-17 ka F=(Ft

T
O_I.
@

NEl=nEy 463

5.5+ 2.9 ka) TE7FE ATE BT KA IRy
21%= pIRIRys Al S]] HS| 2 B2 2 @4
(anomalous fading) 2.2 13} AthAx} EA1}A o
A 2 AE e 4= 7] wiZe] o dtollA
= F7H LR =ol5HA] ok AdSA ATt AA

SHETHE 1).
4.5 9|

AR W o9 Ao AYARE F KA
A pIRIRys A15.9] 273} £ =7} IRs Al 59k A%
OSL A1zl ula) AR Lejths AL 9l
g 4= QIItH(Buylaert et al., 2012; Colarossi ef al.,
2015; 719 2, 3). AlF| = 2 FolAA A S4
A3 9] AL T ixgto 2 B
7] o|Ao AthSA Y FEY Frld: AE
Z27|137t Fasith 2822, K44 plRIRys 4l
S 13 27]5} 5402 9l B4 o] o] 41
OSL Alz Xt anAo g AALR k& 5 e
™ K- pIRIRys AHHE7 27t AA| B & Ay
2ot 871 7FsAdo] ok Kolb and Fuchs
(2018)= ot E|HE A|RE dideE Q3-3d
AAFE o]-§5ko] K74 pIRIRys A1 2 9] Zhod A
g 241k o5l ARoIA, QB of
3AZE B4 AT F BT AAMTE B2
22 o 76 Gy hom, ol A4 248 SAHHT
9] 10-18%0l| sigsh= 2 At AT, o= ©]
H Aol A 3. 75417 Fet Q1S3 ol :=EAT &

2 ot
[72)

c

o

]

>

=

=

©
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Fig. 5. Probability density plots of the equivalent doses of quartz and K-feldspar from (a) BYG-03 and (b) BYG-05.
F: K-feldspar, Q: Quartz, MG: Multiple Grain, SG: Single Grain.
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2795 KA pIRIRps AT(EAZ 100 Gy
oF 11%)°]] H]3f| oF 1.6} o] &2 dajo|th1¥
3). 3L, Kolb and Fuchs (2018)= 3t 514 =
A8 N BE AP RSN T 2T ol
2393 10 § 22 HH#H o2 9 9.7 Gy, 6.6
Gy 714 ZHAshe AL Bashelrt. ol @ja Azl
A SH Q3 28 AA ER g
A KA pIRIR,5s A5 7} HI4E 0 2 A7 4
A& 9Jm|glc). Sohbati et al. (2012)2 AATA] F
A 5ol AAgE A OSLIt K-A4 pIRIRys A
S5 At oAbl ol AAshs 2ake v
Fo= AR B oA K44 pIRIR»s 4127}
AnE R AAD 2 2L elstgon, o3t
A= d3dom (2 AdFY)ol =5
£ AR A7)l A% A € F(reworking) 2H8-0]
KA pIRIR s AL5E 0% E3}H0 2 A A3 4
T 8-S ou)gttH(Preusser ef al., 2014; Kolb and
Fuchs, 2018).

B 35 HHE AR KA pIRIRys A5
+=8.8+0.6 Gy 57HI%S YebdTH1d 4a; &
1). A7HAZS 3 Gy/ka (Heo et al., 20152 714
shal oF 3 kao] ek ARSI, ol fARE B4
oA P4 Bl et K- pIRIR»s A2
37} AR AE 23 W A= T TR
o] 922 oujgict A OSL dAdjol| v]3l| H3
02 55+£29ka A 2P AgE Hol= 84

30 A
o
o
25 1 ¢
©
=
® 20 -
o
© X
Q 151 e
N
x =
Z 10 1 ]
Q T
L
51 ——55ka
(]
o T T T T T L}
0 5 10 15 20 25 30
OSL age (ka)

Fig. 6. Comparison between quartz OSL and multiple
grain K-feldspar pIRIR,,5 ages. The dotted lines in-
dicate the uncertainty of 2.9 ka.
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