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Abstract  [Background] Luminescence dating technology has made significant advancements in determining the

chronology of archaeological materials subjected to low firing temperatures. However, the luminescence dating of
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archaeological materials subjected to high firing temperatures remains challenging. [Purpose] This study aims to
explore the luminescence emission spectrum characteristics and luminescence properties of high-firing temperature
quartz to verify the feasibility of thermoluminescence (TL) signals from different bands in luminescence dating.
[Methods] Firstly, the high-firing temperature (about 950 ° C) quartz extracted from pottery unearthed at the
Lingjiatan archaeological site was taken as a case study, spectral measurement platform was established using a Rise
DA-20 luminescence dating instrument coupled with an Andor spectrometer and a charge-coupled device camera to
analyze the luminescence spectral properties of archaeological quartz with high firing temperatures. Then, five filter
combinations and two photomultiplier tubes (PMTs) were used to compare the TL and isothermal
thermoluminescence (ITL) sensitivities of blue and red emissions. Kinetic parameters for Blue TL and Red TL were
determined by deconvolving the glow curves with the general-order equation. Finally, exposure experiments were
conducted on the Blue and Red TL using a solar simulator. The single aliquot regenerative dose (SAR) protocol was
implemented to assess the applicability of the Blue TL-SAR, Blue ITL-SAR, Red TL-SAR, Red ITL-SAR, and
optically stimulated luminescence (OSL) -SAR methods for dating archaeological quartz exposed to high
temperatures during production or use. [Conclusions] The spectral analysis reveals that the archaecological quartz
subjected to high firing temperature exhibits significant Red TL emissions at approximately 620 nm, which is
correlated with the TL peak at 375 °C. This Red TL at 375 °C exhibits a marked insensitivity to light. The multi-
wavelength TL, multiwavelength ITL, and conventional OSL dating results are consistent with the known
radiocarbon age within the error range. This study demonstrates the potential feasibility of using luminescence

signals of different wavelengths for chronological studies of archaeological materials subjected to high firing

temperatures.
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Fig.1 (a) Illustration of luminescence energy band model, (b) illustration of wavelength distribution
of luminescence spectrum of quartz
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Fig.2 (a) Configuration of Risg DA-20 luminescence dating
instrument with Andor spectrometer, (b) three different types of
detection modules, (c) automated detection filter changer, (d)
detection filters
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Table 1 Luminescence dating methods
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1 AR/EENE,D,
Natural/regenerative dose, D,

2 160 °CTil#4 10 s
Preheat at 160 °C for 10 s

3 PRI R F 450 °C 2 °C-s™)
TL stimulated to 450 °C (2 °C+s™")

4 RIAE, D,

B/ AR D,

T+10 °C Tt

WKTIE, D,

Natural/regenerative dose, D,

Cut-heat at 7+10 °C for 0 s
T °C &l VB UK
ITL stimulated at 7'°C

H /BT & D,
Natural/regenerative dose, D,

240 °C itk 10 s

Preheat at 240 °C for 10 s

125 °CHERIR L,
OSL stimulated at 125 °C
R, D,

Test dose, D, Test dose, D, Test dose, D,

5 160 °C #4105 T+10 °C TR A 200 °C TR0 s
Preheat at 160 °C for 10 s Cut-heat at 7+10 °C for 0 s Cut-heat at 200 °C for 0 s

6 ROBIUR %2450 °C (2 °Cs™) T °C 4R BB IUR 125 *COLREIGIK T,
TL stimulated to 450 °C (2 °C+s™)  ITL stimulated at 7 °C OSL stimulated at 125 °C

LR 1~6
Repeat step 1~6

7 TEA L 1~6
Repeat step 1~6

TEH L 1~6
Repeat step 1~6

010003-4



% AR

2024, 47: 010003

2 HFER5TS

2.1 BERSMER
2.1.1 BRI

K 3@ 1 (b) 43 Al B/~ T Rise b 1HE JBORJE 2 1E
RN 2 S5 M v L PR B A T ) R Ol R e TE 1)
2D G, Horb B R R IR R s K T
i (D R 20d 1 s b 5 ok B E M RBL1E
SORIE ., 45K P, Rise Batch 200 bRk B AL IF
AR EAE 5 T RL470 nm o H O K T EE
Fe RN E, XF R 325 °C #1375 °C TL U, A7 1E 5
I3 WIRG-2006 R s T8 FOMERR 2 A I VB 5
FEPL 620 nm AH O K IAE-206 K3, LA
210 °C #1375 °C TL WA, 166 & 6 2D EE
Eb P i) 830 3 7 ) RN 5 P R o 5 55 5 AELATY TH AT LA
LI 23X 553 (1 R

PR EAR SR E B EFMIRRBE AR
=07 AT A R DR 2B A S RIS R IR
FERY L BN S BB R |48 B 7 520, Hashimoto
SEDIE T R, o7 TERT B AT E ) BB 5B
A3 N A, i (600~1 000 ©CH 4 FE #GR
KB F W, Red TL 5 Blue TL 38 7 L AE 2> [ 1B
L EE T T e T G K T R B A T ) A 4 A 5
i AR R B BEE RN R —. HALET AR
B, i 22 S aT BE R B T N B 2% 1 2% J5 R0 1)
AN,

1k 223 Haustein 25054 4 J@ 1A B TR L 25 1)
YRR EEAT GG S R B, HAABORE SR E
T BRI AN(>380 nm UV) K OGFT K& [G-40
R (550~650 nm) . i J5 ML 2 # Song S5 R IE
TRKIAEMBBERESEPL THOLEKY
640 nm R0 06 Rt . 128 & DL Al &5 AT 70 1
VR MBI H P s AT A AR 0 L S 56 2 BE
8 BCIRL £ 950 °C™, p st AT DAHEIN iR B 2
A LR RGBS R I R B R 2K . 1 Rise b
AR IE A EEE S EPRRET T 1h
700 °C (1) fay il #GR ORI TR RS H IR
RN E I S N (A ag =R = NN o R el U
FE LR K% B, AR IE A S AR L AR AN TE 40
FH b AH RE R B AR AR IE A LI B E 5 DL e K
FRE B AEADEIFE-AEROEX —E .
2.1.2 BRI

IR AE 5 g AN, %l B TR
i RGBS SR AR GE 5 RBUE N 2 7, A5
FXFFEFHEAT T 500 °C ik 2, 48 IR AN N T
BZ120 Gy, 2 (E D S FE SR REH

700

D
(=3
=1

Wavelength / nm
wn
(=3
=]

N
(=3
(=}

300

200 300 400 200 300 400
Temperature / °C

3 (a) Riso brAE U JRAL IE A JERBOL O , (b) K
X MERE fA0 SERVEEE RO CRE BT LI 2% O
Fig.3 (a) Thermoluminescence spectrum of Rise source
calibration quartz, (b) thermoluminescence spectrum of
Lingjiatan pottery quartz (color online)
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Fig.5 Thermoluminescence curves and peaks for Blue TL (a) and Red TL (b), fitted using a general-order empirical expression
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*2 ERA—BMAXEEETIRSH Blue TL 71 Red TLIEN IF S
Table 2 Kinetic parameters determined by deconvolving Blue TL and Red TL using general-order empirical expression

DB Ry TFE el 2 TFE eI 3
Parameters TL peakl TL peak2 TL peak3

Blue TL Red TL Blue TL Red TL Blue TL Red TL
T./K 502.64 485.98 586.34 590.60 652.74 647.96
1 /cts 980.87 665.20 1 812.26 2297.90 543.23 11 294.48
E/eV 1.33 1.35 0.86 0.92 1.70 2.24
b 2.00 2.00 1.00 1.00 2.00 1.53
s/s” 2.82x10" 1.16x10" 1.35x10° 4.74x10° 2.12x10" 2.72x10'
R 1.16 1.52 0.97 1.01 — -
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V) 385 o2 522 B 9 25 3 gk, (EL K] 375 °C UK b7 1) B B
bt 325 °CIR, BUf 375 °CUE IR 2 /N T~ 325 °C,
AL 128 min JeIR , 7, A1 7, #7143 X [ ff) Blue
TL 7] 73 5 W58 22 W] 4R E 129 7% F1112%; Red TL [
325 °CURVETE 1 min Y1 f5 & AF PR 5 ek , B J (1)
TR RIS, &4 5T 128 min YR , T A4 X
[B] ¥ Red TL W] 18 2= W) 45 1E (1) £ 58%, 1M 375 °C 3
WEEFE T, AR X 1] A 2 il s P i () 386 A g 2
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Fig.6 (a) The Blue TL curve and the trend of 290~325 °C TL signal integral with exposure time, (b) the Red TL curve and the trend
of 340~375 °C TL signal integral with exposure time
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Fig.7 (a, c) The heated plateau and D, plateau test results for Blue TL-SAR, respectively, establishing the integration interval of
290~325 °C for Blue TL-SAR. In contrast, (b, d) the heated plateau and D, plateau test results for Red TL-SAR, determining the
interval at 340~375 °C for Red TL-SAR
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Fig.8 The dose recovery test results for Blue TL-SAR (a), Red TL-SAR (b), Blue ITL-SAR (c), and Red ITL-SAR (d), respectively
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Table 3 Comparison of ages of different luminescence dating methods

71 SR Equivalent dose i £ 43 #U{E Overdispersion AR
Method D,/ Gy OD /% Age/ka
Blue TL-SAR 19.6+0.2 4.7+1.0 5.6+0.3
Blue ITL-SAR 19.4+0.5 12.6£2.0 5.5+0.3
Red TL-SAR 18.5+0.4 13.8+1.7 5.3+0.3
Red ITL-SAR 18.8+0.5 10.5+£2.2 5.4+0.3
OSL-SAR 19.4+0.9 18.5+3.4 5.5+0.4
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Fig.9 D, radial plots of Blue TL-SAR (a), Red TL-SAR (b), Blue ITL-SAR (c), and Red ITL-SAR (d), respectively
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