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Abstract

ESR dating is based on the principle that the signal is erased by the events to be dated and the signal is accumulated
with time as natural radiation creates the unpaired electrons. It was found in the present study the signal associated with
Ti in quartz increases on heating. It means that the thermal activation process in the geological time scale just increases
the signal. The characteristics of this increase was investigated in the present study and found that the effect can be

corrected or be neglected when introducing preheating in the dating protocol.

Keyword: electron spin resonance dating, quartz, optical bleaching, thermal stability

1. [ZL®HIZ

A B IR (ESR) AFRRHIE X, 55 MU AL DFE
WHEATEAFEE LTCHIFENTEY, AT
OERBEICHEH RN THL Z ERMLN TN D,
ESR I3WE 1 O R K E L2 T 2 WEL 72 LT
HY . BIRBEEHRC K - T PR B AR
L. L icEHET2ME 2RI Z T, &
RMEZEFITH Z LN TE D,

SEH TR E 1L, A RGO 2 B L
T2 R E TR E MR KM (ESR 15 5) ZAEKT 5,
ARDGAE A& U THFET S ALICER 2R
—ARH B 2 BT AL, [AlOL]° , TilZ&E 2
LB 2 BT Ti by, [TiO4/M]° (M=H, Li, Na) H34
PAE N T & B e R E LCTasn T
W5, LLF T, [TiO«/Li'° % Ti-Li Hls, [TiO4/H']°
Z Ti-H . EFES, 260 ESREHIE, HEAROD
AP T, BHRKEHRRIC X > THERT 208, BUgEhE
{LIEFRIZ L > THE L., b & OXIETFOREIZRES,
BREEDIRIE T, FERMIEIC D B REMERS - K Fa s
BENAFETE BN RD D Z ENTEZHERD
LR E 72D 7=, ESR G H DL EMZ AT 5 2
CIFEETHDH, ZDDIC, EBRE TINEAESR %
1TV, ZNZENOINENEFE\Z BT % BV E M % FEM
L. BVEMALIBREZIRE LT Vo ATy by
FWT, BREEIRE CORZEEDOFMA Tl T&
TWab,

ZDO X 91z, ESRAFMRHIETIX, HEfRIZE - T
WREMERS T RBa AR T 5 — T, ML > T
O DRMITIER T 5, T 7205 RS &g C i3
OWBBENEXDHLEEZ LN TE, L, 4,
BTN TR D REEBROBEE T, MBI L > THK
TAHEEDRWE SN, ZOHKOEE 55404,
FENRPE~DEBIZOW I 24T > 720 TH
EH#T 5,

2. AHEEBRAE
2.1 e
BERBTNTERLIZIBEETT 77 (Adw), K&

N, A=A TV T, T AXRVTFNOT Y AR
I BRI S AT BUR R HEREY) (BRS) 2Ol L
oA E VT,

22 PREFEINEN (FEBr1)

385 O ESR AEGHIE T, natural OFEHZ A v~
ey L CESORKEZBIIT 5 (MR EE) .,
T 7 I b Lem sEEE (AIw) (I2DWW T
400°C T 1RFRIMEA L 726 D LML L 722\ 0 %
fif Liz, BT LT, &R HA A ZE 5 a5
I - BN AR A S0 T 2 L B 60 T AR IR
FHifE% 12T 1100Gy £ TORIPHT 8 BBED A v~
s %17 > 72, ESR HIE#ITV, Al 0r & Ti-Li
DOEBFREOH K AT, WIZ, 2 b ORE
% 180, 240, 260, 300, 340°C THIEA L . nEz X 515
B OREISEDEA 2 P~
23 HE LB (FEER2)

FNHERE S 0> R U 7= A 955806 (BRS) 12, A
vefiE 1 R ON 5 kGy B L7z, AR LZED
T, ZhooREHZ, ~aF I T EEH LA
TARBHRBALT SOLAX-500W % 7= GRSt % 800
BEMAT - 72, F DT 100°CH B 340°C D#JH TEERE
INEELTV, ESRAE 5 28U L7,

24 ESRHIE

ESR HIE X, MLFRKFERASsamE 2 —0
ESR & %5 JES-PX2300 (=, ESR JHIREJE Ay 284k @&
CT-470 ZHY £H13 T 81K TIT>7-, ESR JHIESA:
1T, A 7 vkt sSmW, RS2 100kHz, R4
ZEFRNE 0.1 mT, BG4S 8 10mT, FFE% 0.03s &
L7z, BHREIZL > TEFDOILRELZHFE L, 5
FOERIZEL S SN B’ELND L5, [FHoONkE
MIEERE L=, 72, BRREEIZHWER, 55
D F EUEAFHEN BN S =720, 30k 2 22 R LR 25
HCEEE S, 6 BIOFEEO Y —7 & S 2{5 5iRE
L7z



3. R
3.1 Thermally enhanced Ti-Li H1.(»

A-lw FORKHLIE, FREOHEKICHES TES
FREENEAGEIC . BRI E o THIR LT, BRRSN
BAEITo72 8 A, AT HOWTIE, fafndhifzo
AT TEL L2, EOREOMBUZ L > THIE
SR LTz, Ti-Li FICHOWT . 240°CLAET
B L, i oRIzsE T2 Lz, &2
AN, 180°CTiX, o HFRERIFH T, BEMELRT L v
HIFEFBHER LTz, BERTOMED 720Gk Cix,
FOHKITOTTH Y 300Gy ETOHPETH-
T=oZxt L, BEHETC 400°C THMEL L 7=30EHZ W
TIX 800Gy FTOHIPHTH -7z, FEMRVITE,
HROEIGITRE <, 43 Gy OFEFTIX 180°C DN
BT, Ti-Li FOOESMREN 2 ERE Loz, T
DfF %% Thermally enhanced Ti-Li /& ST &
[N

3.2 Thermally transferred Ti 9[>

N T REGHBAT 0 800 K DL (77U —F)
W2k, Ho~HomEIcEb 53, Ti-Li X O Ti-
HHOLOEFIXEK LT, LovL, {HRLI-R, &
B AEBRE L W AW b 59, B I
Ko TIEENEE R L, 200-240°C TR KRIZR~7-, £
7o, ZORFMREXT Y —F RN G 2 IR EICKTT
L. MEPKEWEEFREL K& hoT, ME
72 LOFEHI DWW T H/NZ W LEN S 728,
400°C THIEA L 723 BH Il S iz o 72, Z D1
5% Thermally transferred Ti H.0 EFESZ L1235,

4, ER

4.1 Thermally enhanced Ti-Li H.0»

Il 7= Bl 51X, OSL (Optically Stimulated
Luminescence, YEHIIEFR ) T TG SN TEH
0. BWICARLER T v 7 (shallow trap) D%f
BN T L — MR OREIZ Ko TX Y BRI
LZETR N T v 7 (deeper trap) ~EE) ¥ 5 B4 (Charge
transferl 1) Tl SN T\ 5, AFFEOBIHITIX Ti
7S deeper trap ([ZFHYS 208, BT D
shallow trap (ZDOWTIEAHTH D, Ti FlalI A%t
BAIZTTRLIBGA A (LI HYZfE->Tnd 2
LD, HEEICD shallow trap & TEALT 2 LD
X LI H R EOBA A b TBBEI L T&TW
LRREMEN S D,

RS 2 L 72\ natural DFEHZ DWW TIL, Z DK
BRI S0, ZHUFXAARORETT TIZZO
BRPEETLESTNDEEX D ENTE D,
Z OHRBGIT 180C & WV o RWIRE TR & T
HZEND, BUEMEIBRRIZE 2D THIVE, B
DIREIZBNTH ZOFRNT TIZRE TR, £
DRFE TR BT Z FIZLTWD LB DHDN
WEITHAH, LWV ZEThIUX, BARDIRESE
B L T, BRBERIC L AEFHRE I 2 —
M AMREERZIT O LW ) BER TR, BE%. W
TERTICAIEA (preheating) %179 Z LN @EEITH D &
WHZ ki b,

4.2 Thermally transferred Ti H'.(»

ZOHGETIE, NTKBIALT O 800 Ko7 Y
—FHIOBEIINE L TUEEBERLLTWVD, Z0D
£ o7V —F%oMmE (7213 OSL #lERTD 7
LeE—MNIZE-oTEEVELDIHGDOZ L% 0OSL
C I% thermally transferred optically stimulated
luminescence (TT-OSL) & FEA TUWL 5, A [alfEH] &
NEZOBELRBEO LD THDLZ Enb, ZDE
75 % thermally transferred Ti (TT-Ti) HULME & & FE
ST LiTT 5,

ZOBRE, TV —F IV Ty
Ti FLEV LT —=F NIRRT v 7Bl
BUC Lo TSN AR E S LA A (LIt
HY2Y Si JRFaEE 2~ Ti JRAOFITICBE L
TELEDICBRTEL LR bDTHD &
Ez2HEFHPTESH, L OSL THEI LT
5, TV —=FEHULK W T v T E ORXELN
7Lt — MZX o TB#EIT %814 (Basic transfer!) |
Fioidk, 7V —FTHID T v FITBEH LIZE D
1L eE—hTIHDO T v TIZE>TL 284
(Recuperation") [ZFH S+ D ATREMEDN D, LD L,
f[IED OSL OT V —F 3R OB EETRE T
THMN, TR S Ti PMEEIEEEE 800
REAT S 72O b DB Y | FEOZEIL S HiLLETH
b, LTz H> 7T, OSL THHIENAHRE AT =X
LFFRICTHLELTYH, L N7y FHERTIER
WeEBEbns,

Fo. ZORBEIIREL 5 2 3B CIXBREINEL
O 180CHHENLBHENDN, BEEZHG 2N
natural DFEFTIL 260°CHITNG &, BRI S N7ZIE
FETEIC BV D 572, Z OHEN Ti DL ~DR%t
HAOBEPBIEE LR CEL D EIRET H &
IO LT, BEE S 27\ natural OFREF T Ti
HOA A~ DBEFE A KR T O R ERaEIC L - TEEIZ 5
LTSRN EB LD d, ZDkONE
OARVNEE TN E Ll ooz L Bfig T
Do ZOZ L, EIE BMEFHEIZHBNT, B
DOWREZ R L CTHARBRHMRIC L DEFHRE T
2 bL— N ERZIT O & ) BT, R4,
HIERTICAIZELY (preheating) %1795 Z & @Y TH D
EWwHZ kit b,

5| FSCHR

[1] Aitken, M. J., An introduction to optical dating. Oxford
University Press, London, 267p., 1998.

[2] Wang, X. L., Lu, Y. C., Wintle, A. G., Recuperated OSL
dating of fine-grained quartz in Chinese loess. Quaternary
Geochronology, 1, 89-100, 2006.



