2020 4E 7 A
July 2020

A 5 W
ROCK AND MINERAL ANALYSIS

Vol.39, No.4
493 -504

VKA. USRI G AR FOAR SRR S5y vh B BT R [T ] 251, 2020,39 (4) 1493 - 504.
XIE Bing — jing. A Review of Single — grain Optically Stimulated Luminescence Technology and Its Application in Geological
Archaeology[ J |. Rock and Mineral Analysis,2020,39(4) :493 —504. [DOI: 10.15898/j. cnki. 11 —2131/td. 202002030013 ]

SRURERE LI AR B AR e HEAT M5k v 04 87 T 58 3 e

Wk dh
(AP R (T, AEsT 100083 )

WE: EFRAFLMNFELTERR LGARIBITT — A9 T2 R BRIREG T MWL, AR RE
TR FRET ERGZE,FRFNA LR ETLH LR E AT T HF w2 H N F BT HE S H FHAL
P, EHBEBLEALTERBEAERHA LR m &, RGN B ERK G BARRAITIR LN X, LT E
AN B4R, AR ERER Gt RN SRR ES AT RIS R, AXEESKRE
W R AR S by WM S5, £ 5 T LN SRR R KR AR ERRAR RS
AR, RHERARARANRE AT FRET TRE, ALZ NG THERASFREFHY
A TR, o B SHAA(OD) FHik 20% £ Z 43 5S0% 49 3R H H AR5  JRAE T #7169 5 kAo ARt
A, BT RN FAE T oM, B RR 6 B S A 5 AT, T AIE BB T 0 ik, ik

SR A I 3 FRFAER,

KB ABLNF ERERA; AF & FRAMSMA; Fafh; FRpn

=3
R

(1) 3T T BB F B AL R B RAE FFREFLH T %,
(2) %47 T FHAL SN 04 0 S b Fo SRR R it ol F- 44 7 vk
(3) B& 7T 2B R Z RN KRR LA L,

RESES: P597.3 XEkFRIRAG: A
RGN HA fi BT3B ) 2 20 {42 60 4R4K,
Daniels 25 15 UCHE H KSR W0 0T 0L 15 6 559 110 2 il
D A o FHAE A CIRLEE 1 3 500°C ) iy oty £ Pl 5w 0 4
Hr, BR O B OB M 4E ( thermoluminescence
dating) 2170 AEAR, Aitken 25 % BB Y T
{5 5 AT LABOGI & D Hi I SR I 4 I A
AEZ AP T . 1985 45 Huntley %57 42 1 B¢
JEHCAR I FHAE ORI A 45 35, i T 2 B S )
ORI A V% O, FEBE I iy 44 24 © optical dating” , B
Ja it 4 & B R 6 B I 4E (optically stimulated
luminescence dating, OSL) , X} T FR ¥ 5% J5 — UK BB G
(B2 AR E , IAE ™) 3228 1 S F
P AT TS T A RO B ROERRE AN AR
W ASRIGE S MR P B AR AR, H AT

B A e B GI AE W] T 100 ~ 200ka LIRS
PO 20 ORI (0 A7 I T 5 B A RS (HZTAMROG
(IRSL) {5510 Fn i) & 56 /& , H Al EL B A F K A
BEOEIAET] BT 250 ~ 300ka D E 4 Bk A X 3R 0T
FRY A A o 3ok e a7 378 8 FH A S e e
— 14 1 4F 40 ~ 50ka fo i 47 _F BR, Bt )3z i
TEF o7 N5 B 2 (Mg 5 DU 20 b ot
B 71

1G5 A0 5 R A A B AN 3
HILE Z TR G o g AR R R S R b
BRI | K T R] DL J il > 0 4
TR B L A5 5 19 B0 BB BB I 4R R . R,
Lamothe 253 %" C 4F ¥4 4 9. 5 ~ 10ka Y ¥g V0 #E 47
K FUBURL RGN 3, TA R AN 58 4 I IR AT Ay

WA EEA: 2020 -02 -03; {85 HEJ: 2020 -03 -08; #5 HHA: 2020 -04 - 16
EE&TIR SO A5 SR 285 H (DD20160055) 5 Hh s R AL ARl 55 2 % T 5% 3 T H (2652015200
TEF RS Wk, PEL UFIT, T2 P By S AR ARSI T4 E - mail: xiebj@ cugb. edu. cn,

— 493 —



%540 o

http; // www. ykes. ac. cn

a0 Wt

2020 4

(9 5 BB AR B b S0 T 25580 4 (equivalent
dose, D, ) AT 4% I, ¥ YCIE W] 1 S50k B 4R
(AT A7, Murray 2657 X8RI TE 75 45 9 37 1) 12
HEAR ORI EAT B AR I & B —/ N BB A3 IR A A
) 7 S R B 5 e T OREANKE L, IR AR R Y
0. 02Gy B AE Il i A JLET 4, Ay E 1% 00 BE i 1)
AN ORI B 0 5 07 5 W 75 YR B o Murray I
Roberts""* 4380 ) SV 5 748 KU 0 FR 490 47 352 350 45
— LB ) R AT B ORI AR, TR 4 R %
R B F AR ) | 2 B0 B B e R M C
FBOCAERR WA, IF RGBT T B0k 45 T 5 K
fJ5L . Roberts 25 X3 JCH . Jinmium 75 0 i3
Ik FRRE 5 HEAT BRLORE AT 5T, X 43t oA G 1 A A
SERIVRE S A2 T RIS B0RE 2R AT Y
A S8, Olley 251" S IR TR A BF i A7 2R
FORLAR , 154 C AT HLAE, 45 5 R e B el 4R 76
1.5 ~50ka S5 C 45 R4, 32 H BIB0R: 7 3
AT LA 30 8 TR AR X AT RE L RS —
A BRI T AR 1 R R RO R AR
FE R E TOCROCIARE IR . OG5 5 45
I 95% 051X 18] B o (A 19 2 1545 22 (207)
R TR R S A EURL D, I 4 R
AMEL, EEATRE Rt T LA R R S8 ORE A 5
AR — P, A5 R S R M AR ] ik
IR B 3R RE H A RV PR & DAY .
TERE: it 1 R N 30152 3 A [5) A5 3 10 J1 300 B335 e
JUHRE B RS LR, WL SRR K A
B A 1K AT RE S B OB R 5 5 R
P, T 58 e B B R R R DL 5 I T R S B
AERARST IX. 4 ) A [) S 5500 0y 0 5 I % 7 1)
BRI, )5 DAHFER . OURUE T,
TR TR B 7 XU B R o 7 350 4 74 1) T
B RPN B S S S BRI 8, R S BUE
IR R HE A B R v, B 3 ) IR A
BRI . @UTUERY RS — U R N R 52 42 1
AR B AIE R 35—, R[] AR 2 25 A AR (KU
YRR AT -5 WA ORR B L D R S
W IR R ) R AR A 22 8K kel
By AR AR S A SR, B R S A 36 7
D, b, SEAEH T T s PO BOCRE SR Y DB N
SMBIEL M BRAE ZRE AL L 0 T ix 86 D (K LA Sy
HURRE S AT C B AR LI 1], B0k AR IE Ky
WA, R BRI ARy i 0k FE R R AT 7
L% v STUEIRAS R T R

— 494 —

FEFRE A S AR SR A7 pIRIR JUAEE 32
JO7FH T PG G5 DR e it DX LR ) S A
B, A1 SR AR ] HI T 50 ~60ka RISRITH
RESRAEIAIN E , B0 7 pIRIR M4E © A 2h H T 3% [
PUAL 5 XU B AT 250ka LKAE df Al
SEARIS I s T o AR AE TR E 2 O fi FH 22 R
MREEINAFE , F AT FBORORE G AR 1 D, AR AN
ISRz,

1 OEROEIAE 2R P

JEREOL I A BEIE B Al 2 BE 2L L (energy -
level) , RS — L0 ) (f1 0 A1 55) T AT AE—
FIELAR , M ENRERE o By BT A, PTLATE f ik
SERY AT —/ NS o R A R i fiE i, X B A
TEWL G 52 PR VA ZH RO ¥, SRR
I} SCAT DIARSER A7 RE &, 0 MR XA A7 E 1 e
HL— A T SR AT — R — A7 BB A7 I AE
AN AL BG4 B i & BA D(¢)
R AR A R A e A3 (2) i I E
YR 1A RE T2t 1 R T P R Al S DU AR W B e
—UKBEE (2 H) I AR (1 1)

D, = fb(t)dt (1)

S (1) HERRBERI AR B ¢ B R, R
D(r) Rk, WIAERS A SRECT ik D/ D(1)

A=D./ D(t) (2)
Seef DA R R R TR BE B — kB
B G A BRI RE R SR, BB Gy (1Gy =
13/kg) 5 D() $FRBERIEAR  URRAEFI R, AR
Gy/a,

WP 1 R SRR AE JE AT 43 S L Py
IR PR

(a) HUES : [ SR 5P Wy SR I, 57 ) P B
P IR (2 E R U Th K) SeA B O™ 4
(IR SRS 7 ST PR, 40405 o i K PR T 2 o
B PR LT — 2500k, [ T B
PR T B 0, 28 00 37 T R ik A 116 1 O
':F"L‘;\o

(b) fE77 : B2 TR 11 11, 450 0 ) L,
Sk 2 F I SR B A TR 7 A e T 7
(R BRI T IAR T 5 , 3Rk T 058 (5
oS KC)  L 28 e WA L g TR T 2



%41 PR SBURLRG I AR B A R A b 5%y o B g A STt $39 %
S B B S 25 5 ] W
CXit G Cx S
?/. [_
] . ] — ]
HL T [ B HLF- [ [ @~ LA HL T B @
vﬁ% v e
6 T
— - 2 2
i Bk Bt
iy s Q{b 4 iy s
U
FHL 5 4 S5
(a)HL (b) it 17 (c) BT (d)sE 56

Pl T OEROEIAREB (fa SOk [ 30 ] &30)

Fig. 1  Principle of optically stimulated luminescence dating ( modified from Reference[ 30 ])
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Fig.2 Radio plots of the D_ values obtained from single grains of quartz extracted from archeological sites
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A Review of Single — grain Optically Stimulated Luminescence Technology
and Its Application in Geological Archaeology

XIE Bing —jing
( China University of Geosciences ( Beijing) , Beijing 100083, China)

HIGHLIGHTS

(1) The advantages of single — grain OSL technology were discussed and the new dating method for Quaternary
archaeological sediments was proposed.

(2) The rejection and acceptance criteria and age models of single — grain OSL technology were investigated, and
the method of precise dating was advocated.

(3) The development process, experimental process and research difficulties of single — grain OSL technology were

reviewed.
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ABSTRACT

BACKGROUND:; In recent years, a series of important progressions has been made in the study of single — grain
technology in optical stimulated luminescence (OSL) dating, which greatly improves the accuracy of dating and
provides more space for geological and archaeological dating. A detailed single — grain dating has been carried out
in globally important archaeological sites and many new archaeological discoveries have been made. The single —
grain OSL technology is developed on the basis of photoluminescence monolithic technology. The single quartz or
feldspar grains of the sample are independently tested, and the precise age of the sample is obtained based on the
measurement results of a large number of grains, combined with error theory, statistical analysis and geological
sedimentation characteristics.

OBJECTIVES: To understand the development process, experimental process and research difficulties of single —
grain OSL technology.

METHODS : Equivalent dose (D,) data were obtained by single — grain OSL dating protocol. Error theory and
statistical principle were used for D, value analyzing.

RESULTS : Single — grain OSL dating gets each grain’ s signal for a sample to determine the D, value for a sample,
rather than the more conventional single — aliquot approach, which each aliquot consists of several 10 — 1000s of
grains. This method was especially beneficial in archaeological contexts where: (1) An individual grain was the
smallest fundamental unit for optical dating, providing detailed information on each grain for sample of interest.
(2) Individual grains may respond differently even using the same machine under the same measurement conditions,
while multi — grain aliquot cannot distinguish the grains suited to SAR procedure and the grains not, resulting that
aliquots can be compromised by these ill — suited grains especially when they dominate the OSL signal.
(3) Concerning about post — depositional disturbances, beta microdosimetry, possibility of roof spall contamination
and non — homogeneous bleaching, these contaminant grains can be recognized by the distribution pattern of single
— grain D, values and be removed prior to age calculation. In order to get the exact D, , there were 5 rejection and
acceptation criteria and 4 age models. Some geological and archaeological samples had over dispersion value (OD)
up to 20% or even more than 50% for dark samples. It is important to choose the right rejection and acceptation
criteria and age model. This technology can provide new method and necessary support.

CONCLUSIONS: Single — grain OSL technology provided the possibility of precise geological archaeology,
especially for samples with D_ dispersion due to insufficient bleaching. By carrying out single — grain OSL dating,
choosing the right rejection and acceptation criteria and selecting different age models, a more reliable age can be
obtained, avoiding wrong D,. This method is suitable to establish a chronological framework for many geological

and archaeological sites.

KEY WORDS:: optically stimulated luminescence ( OSL) ; single — grain technology; geological archaeology;

equivalent dose (D, ) ; rejection and acceptation criteria; age models
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