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OF—7—F IR EVZERRAMZE (luminescence dating), A « EAKF (quartz and feldpsar grains),
FREEIVI RE R (red thermoluminescence, RTL),
BERE EEY (burnt archaeo-logical relics),
HAEBEIRE (single-aliquot regenerative-dose method),
FFFEIL I Rt X (optically stimulated luminescence)
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IS FEHBIIE I I R+ v X (Thermolumine-

scence, TL) B XUk 2 € Z (Optically
stimulated luminescence, OSL) &EWEINTH L, 4F
fRAE A ENTE T3 (Aitken 1985, 1998 ;
Bgtter-Jensen et al. 2003),
Ihsbixtr X HEMAMER, BHEE»SH

B)L I &+t X (blue thermoluminescence, BTL) 4f
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Table 1 Some typical dating results using quarz grains and polymineral samples

Method sample Mtaterial Ag;(ra)nge Authors

a
Blue-TL  Quartz (?) Pottery >1.0 Kennedy and Knopft, 1960
Blue-TL Quartz Pottery 12-13 Ichikawa and Nagatomo, 1978
Blue-TL  Polymineral Under lava flows 2-100 Forman et al., 1994
Blue-TL  Polymineral Loess, Tephra 190420 Berger et al., 1996
Blue-TL  Polymineral Loess bracketing tephra 15-40 Richardson et al., 1999
Red-TL Quartz Pumice 60-200 Hashimoto et al., 1991
Red-TL Quartz Baked soil 8.5-9.5 Montret et al., 1992
Red-TL  Quartz Primary voleanic deposit 354 1999 Fattahi and Stokes, 2000

(Ignimbrite)

This table was modified from a reference (Fattahi and Stokes, 2003)
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Fig. 1 Luminescence mechanism based on a band-model of di-
electric matrial
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+ > 2 (Radioluminescence, RL) W& [ # 12 #k
# L THNT B8t (Phosphorescence X 1 After-
glow £ IEiEN %) Bl %25 %223 (Chen and
McKeever 1997),

X4 2@ —(@izV 3 3t v RAERPEICZHE NS %
B oD TL 75 —mifg (TLCL &#ffid7)
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3. I xtyRFEAREED IR

FUARALTIE, 1708 KRR VERGRE & UL TRAME A
U7 L0 KIAMIZY 5 o0 M) o LA E UF-1RIC
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S R PERERE D AT PE > THUH 30 5 g &5
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Fig.2 Luminescence color images of minerals

(a)Quartz grains (Tazawa Lake sand), (bJQuartz grains from sea-shore (Niigata), (¢)Madagascar quartz crystal slice, (d)

Annealed crystal slice of sample(c) for100 hr at 1000 °C, (€)IRSL-image from granite slice (Hanawa, Fukushima)

(a)—(d)TLCIs were photographed at 80-400 °C after several kGy irradiation.
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Fig.3 Determination of paleo-dose (PD) using MAAD and
SAR-methods
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dose, MAAD) & &EMEIEN, L2547 O BEHER N H: 12
Y LT3,

MAAD ik TR 2RO EIMRE— IV 2 x & v 24§k
AHLTOA I EAGiPE LTOAA, iR Uk
PR A DAE ST —DDRFHPTEZ N IFRELR
A —Th s (M2@—-(dBH), KRHErtsd
B9 51013, ZL OBRRELEYOBIEENS, Tht
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S AR LR ) & IRk ReBe NI B 2 WERF %2 29 5
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EMEENTOI, LLAAS, 20 DL I xE
¥ ZAERPETIEZ O MAAD DA ULMER TE M-
1S

3.2 EHEBR (SAR) EDOER
CORRAERES B 12D, F—5HEHOTA LK
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(Single aliquot regenerative dose, SAR) kA5 %t
&Nz, SARFEOEBUTIZ, VI xt v AHEETEN
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SAREHICFv=—2 &7 A ) ATHEShL S
v APE Y ZF LT, A TSRS RIS B #RiE
(U R D T34 40mCi @ Sr-90 Z i) A
giash Ty, BABETIIZ O BBIEEHEADIaH
HTRREP, BAROVDAYRAEPLEHSSHTHH
HTHs, ReFIORRETHET 572010, K4I1TR
FHE® TL/OSL WV 3 %+ v ZHBIlE v 25 L %5
% L7 (Hashimoto et al. 2002), 4> X7 LTI B #
FOD I/ X BREBEERL TS, BH—1
BESNT, B2 ICBGHRRRELR(LE LI LMNTE,
D 1002 & 385 A F 3 v 7 FEIK THGH R84 Al i
L5 o1, BHEMUN O YMRE Y T LOFFEHELT

mm
Small X-ray
= el irradiator

B4 Izt r 2ZEBRE S 27 LSRR ERKIRL 72/ X 8
S 3R
Fig.4 Conceptual diagram of automated luminescence-
measuring system and a small X-ray generator in-
stalled to the system
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Table 2 Emission properties of three kinds of thermoluminescence from quartz sample

Peak photon energy Luminescence
TL-Emission color range 4 = under ionizing ~ TL-pcak temperaturc* Useful PMT Remarks
(eV) (Wavelength, nm) diati N
radiation

1.8 ¢V (690 nm)

Red o
1.9 eV (650 nm) Secn at room
temperature

R649 (Hamamatsu)

325 and 375°C peak RTIL.-dating

2.6 eV (475 nm)

Slowly bleaching TL

73 Crpeak BTL-dating

R585 (Hamamatsu)

Blue
S 2 & EMI 9635 api achi z
2.95 eV (420 nm) Seen at room 325°C peak Q Rapidly blcd%hm‘g TI
temperature BTL-dating ?
4 eV (365 ati
Violet evem Observed below RS85 (Hamamatsu) Oor 21ing
3.3 eV (380 nm) “;;Keo 110°C peak EMI 9635 Q

MAAD IEiC bt~V B Z T EYOBIETT LR EEE
LT3,

HSHOIV I 22 (TL B&LU OSL) FERMEDFIE
T3 SAR FELUS 0O A I EBRIC 3@ sz
i %,

4. TL & OSL o #ll3&

4.1 REMNS>ORTL GRETL) OXR

1980 AEFRMIEHIC, sk id & 0 flHh U 7o f7 S0k
MmoD TL 247 —FHME LIcEZ A, ThETICE
CHREEN TV D » 72 RTL RO {F L%, #Ekho
Hon T BTL (BHf TL) k& & biciER TR
(% 2 (b)Z#) (Hashimoto et al. 1986), WhEAIZLD
RTL & BTL WO EIEMEL > TE Y, KILIIKHEEK
DERLAER A %2 ATW RN RTL KL 2813%
TH - 72 (Hashimoto et al. 1987), % D%, Kl H
BIEO AR ERRICEHRMAK) TR RTL 25
U, —Ji/KER0 IR « BECE R A 578 & A R
RIBRI A HETH - 1A XTI BTL -3 %R T
Xto (iE BAEDER G S DAFEKST» S H RTL
B %EERES 5 VTL EE TL) MRIEhTHS),
h SN % oA D RTL & BTL 3K 2 (@) — (o
TL # 5 —@if% (TLCD xR LT,

# 2 1T gt IS U 7o ek -3k RTL, BTL &
VTL QA TRT, —RINITIE, Sflo TL
E— 7 BEMELEROT, KBMEKSITRLIZES

* These TL-peaks were obtained by applying the heating rate of 5°C’s.
and showed lower peak temperatures of about 20°C at 1°C/s
This table was modified from a reference (Itoh et al.. 2002)
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Fig.6 3-D contour map of thermoluminescence spectra
Quartz grains were extracted from lope-shape caved
pottery piece (Achiyadaira, A-5) excavated in
Okumiomote (Niigata) ruin.

27V b — MLEE U TERN O & &2 R[S
%o

6ITHESC L2 & 0 Ml U 7o 3Rk 5 D ZIRTT
TL 2R 7 VA ER &R LTz, 300-400°C O @ik T
620nm fHific E— 7 24 55 RTL Z2/RL Tl 5,
IhETHe DB - TEIHAL « # » I74E - 5
B R % & OBERE Ll s o O il A5k T
FHIS I 6 & AR i ETEIC RTL 23 L Thvie
(fHEE « ¥EA 2006, Nakata et al. 2006, &4 « Fhik
2007), HERE & #HY T3 SR T OIMBEM = KKUEH
W0 8 HUE RIS ZTE Y, ThooEos &
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Wi E TOMHEE I FToMMERK D HRETH
BETFA B, KINKE Y U9k -0 R & JEad
DEHITHICRTLEMEZTTLTE D, KIEFRRICAE
KT B AP AR BRI A~ TR S h 7ol &
B D O SR S AT A S RN BB & L
HELN O 2 8 i H R & o Mo BUgi I3 HI L Th 5
EERA 5,
BAIZKLAZ Oz, BEKS TEYOKEFR & LT
OHit~D RTL AHER FORASAHTH B, MA
T 900°CLL L TOHERAEMIZ &L © BTL 148 (BUkigig)
b AKE D 2 O EFT A9 RTL (LT 5 & & AvHER
WS SMITE -2 &S (Hashimoto et al. 1994),
B A B S O LA TR -3 IS S < RTL Pk
FHLTOBufigthhid 5, 320CLL Lo @il RTL
MEIGAYEE BTL (2384 Gy) ickb~Timii (13
¥ 200Gy) £ TRIFAEMRIEETLTVS, - T,
BEKE @DV L 2t v RAERPELRICE, A-7F
FELARPED R T & 28 Gy UL L Tid RTL O @M A5 A 0]
RTHBENZ B,

4.2 BRELTEHO RTLEKAEDOEM

FEC T OBERE BT CLU ETH B ES5hNT
B0, HEMEFHZ 450 CLLTORTOIL I 2 2 AT
giIZ¥oty b3 TW3B, £IT, MXEEREHL,
fiHRTR L o s RRgmAsllbTEot y PLFED
PD % A FED SETHE G D, #5504 LB L7,
BOKE Tl E LT, FrR R AR SCEER R A S %
ik 2/ L7 (Hashimoto et al
2005, W fii & L B TR R A R 1995-2002)
BERRA HEME L TOLBRBEMSDIL I 2 2 2
ElkE LTD, AREREAR BT FIER 7
2R, AR oM RIcBLTE, iR
PITHALEE L, JE - GRS E &R L UG
o fk s E HF (7 v LKHERR) = v F v 70k
DAMFER 0 A7 04— hkRFELI, OO0
KON SD afROEEERLET B L& BIT, AKH
TRMOBYIPEAIMS R I EMNTES, I I TIRK
PBT5-150um DR FA LI 2ty 2lERHET 20
SR rEEHOTO S
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of ferromagnetic

minerals

I

Etching treatments with
(a) 6M NaOH for 1 hour
(b) 6M HCI for 30 min

!

Group separation with heavy
liquid (SPT) method

(a) Orthoclase 2.53-2.58 (s. g.)
(b) Quartz 2.58-2.63

(c) Albite 2.63-2.67

(d) Anorthite  2.67-2.73

Quartz Feldspar
fraction fraction
A4
Etching with Etching with
46% HF and 10% HF and
sieving sieving for 75-
Quartz Feldspar
sample sample

7 #Hob Rty ZERHED 2D OBUKE Ll S O R
& LA 53 i o> 53 e -

Fig.7 Separation procedure of quartz and feldspar grain-
sample fractions from burnt archaeological materials
for TL-dating

2TORE L SAREE#ERTHILEL, K4 TR
L7l 2ty ZHBRIE Y 27 L& M7z (Hashi-
moto et al. 2002), RTL & BTL @ Fh£h Dl iz,
K¥T 47 —0llEbEE L BT, RTL MIEE <V
FT7NAY) OFILHEGT 5 EEFHEEE -20Co 0
KM 4 9 BMERS & b S g7 RIE Tl L 72, BTL
M S A T IV A ) BRI ZA T 5068 S 2 m
ML CTir-72o 20K, RTLMED Ny 7759 v F
E LTI 3 @i T o BRGS0 % 54 WD S &
Bz, Nk — 7 E2H0A & E BT, sERBALLIAE
IR BERNTHE - 72, T DOFE, Fattahi and Stokes
(2003) @ RTL MEHEL D bIRATH 2 HD/ Ny 7
75 v ROWYHERSIN, VI xt s ZEEOH,



D& O EEBE DDLU 1300 4ERT O 23 BH S MF LA
Bt RTL HAGRIE AT HE & 48 » 72 (Nakata et al. 2006),
HIZ, INBED S O BIKEHHKRD Ny 7 75 v KER
ERTIITERICMAEZ EI2L D, £100 zm FLEE
DHP—[FRFD RTL bMEAFE & 72 » 72 (Yawata
and Hashimoto 2004),

X 8 (@bl Xt&éh (TFY¥E, +ih A5 »
Sl L7cA®K O RTL 8 XU BTL Zo— (FE)
Hhi# % Rd, RTL @7 o —hi# < 350°CHHTic @i
D E—7 NEELTE D, MAHREIZLE &7 B
Rohbd, —J, BTL 7 o—gh# T3 330°CHHaList
2280 CHEICc b E— 7 BN TH Y, BEAKT-O
BAMWRESN B, 70— li#Ed o BRIKATTED BIFS
RERTH 577 P—HERA LIV I 30 RMEL,
Bt & OBRE R TRBISEIREERT A LT
PD 2§ c& 7 (K3 5M),

T RO AR - R, 9 30g % U-8
BEIaHEDI, CORBNSD vy AT MLE Ge B
e 2O THET 5, HARTIRFGGOBZENT
WG & S TR B H B LIRET 5 2 LK B D
T, ThRIMWZHO>OTIRFHREETH 5 *Pb (238keV)
E, URINZH>LTRELCRINZES 5 *Pb (352keV)
kD v LB E — 7 8E» S, RIEMESRVEFHM
HAR B HEFETH 5 K (1461keV) OREBEE—7 D
MEERET 5, Ch oD% v #EEE—7 O
HEh R P IS A IE U THHEA BB S h 5, U,
Th RFNZB LTI, BEED U & Th ORE 4 ppm
HALTR®D, K KO RE (%) IKhET 3, AR
SFATIHRL - (SMEBHEIR O A) AW 5 Z & THEM
BEAEET 2, SHBER I LS A E - T L
DA RS TRIRFE 22 S 37 L, B/KROHIEII ST
> TITL, HIZFHMOFEEZLELTAD 25
L, 2hoonfiicss% PD/AD & 0 #E LR D 4ER
lARED Z &I B,

IMBEOMY LB IT>VT, MMHALXD RTL -
BTL « OSL #lE & U E A K1 D IRSL (Infrared-
stimulated luminescence) HEM & 47 PD %% 3
IZHED TARY . HHFD IRSL 13 ARAMETHIE U aT#%
HHON I 2t ZAEWET S OSLO—FETH 5,

Integrated
range

(a) ™ @,
10000 ~ N 2,
(1) 42.0 Gy ER RS
© 252 Gy 3
& 7] (3 natural
= )
g (1) 8.4 Gy
= 6000 —
2
‘7
8
‘é’ 4000 —
w1
&
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0 T T T |
150 200 250 300 350 400
Temperature / °C
Tntegrzlted'
3000 range
(b) D 16.1 Gy A
. 2500 — C%) 10.8 Gy h;“".'-{ @v"'-‘.
= (2 natural Rl b
<1 N4 ~ 3
32000 — @ 5.4 Gy _:.4"
: g
7} H
2 1500 —
£
2 1000 -
m
500 —
0

150 200 250 300 350 400
Temperature / °C

X8 mMyghztks TL ZVa—Hh—70%Ak
¥R FREHI R —mE s S oM LR (7 F Y,
A5) X OHhili Lo ek 7oA L, RTL(@) & BTL
(b)% 1 CHEfb o il BT TRllE
Fig.8 Changes of TL-glow curves from a quartz extract with
artificial doses RTL(@)and BTL(b)were measured from
same quartz extracts from lope-shaped pottery piece
(Achiyadaira, A-5) excavated in Okumiomote (Niiga-
ta) ruin at constant heating rate of 1°C/sec.

RTL /5 ® PD ML TO+EBH THMTE T3,
UL LADS, M—L#Rn»s0nESm4aERLTY
ZiIcbminbod, BTLR OSLHIE~SZ0TINR S
RTL & 0 &K PD M HEE S Shdh, H 5003 PD
ERUETE TR, RAKMTFOHEA ) 7 L4055
DR LSS 30 THER LD & 2 BIFRE PD
MEABERETHHICEhADOT, EASEO
IRSL #ll5E D 513 BTL ® OSL & b & H{Z{Ku PD fiAs
REbLONBITTER L, JITOHENSEAREE
BPDOR¥ETz—FT 47 () B ->THW5ET
ERWRETE B, WEMIZE, AFRK 50 RTL WV
IAEUAFEDBROLETHH I LERBTE S, Ak
5 RTLEORENEE, LEPRR? S OHIERL X O #
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Table 3 Comparison of naturally accumulated doses (PD) using RTL, BTL, and OSL from quartz aliquots and IRSL from feldspar

ones extracted from burnt pottery pieces (lope shape caved pottery pieces from Okumiomote ruin, Niigata, Japan)

Pottery pieces Mode of Jomon pottery /\CC"“" ulalcld doses (Gy) . Annual dose |lL.uminescence aTae (years ‘B.P.’k Y1 Predicted age
or Jomon stage RTL ., BTL OSL . IRSL (mGy/a) RTL : BTL (years B.P.)
Achivadaira : ! : !
A-5 Minami-sanjuinaba | 13.1 +/-4.0 6.3~/-14 11.3+/-2.0 Eo.7 +/-0.2| 347 +/-0.11 | 3800 +/- 1150 1800 +/- 410 4000
B-8 later period of early stage | 11.6 +/-3.3 |} 4.4 =/-22,56+-22 | nd. 1.80 +/- 0.08 | 6400 +/- 1860 , 2400 +/- 1230 6000
B-10 middle period of early stage| 14.8 +/- 3.5 93+/-08 6.3+-08 0.2+/-0.1]2.18 +/- 0.09 | 6800 +/- 1640 4300 +/- 410 6000
B-12 early period of early stage | 26.0 +/-2.2+  n.d. n.d. :3.9 1-0.1]3.69 1/-0.12 | 7000 +/- 630 . nd. 6000
A-8 Shinbo 173+ ondo ¢ 152 0 092 |327+40.11 | 5300 +- 180 o ond, 5000
A-14 Kasori-B3 147+/-21, 133 | nd V2.8 4/-0.4[3.17+-0.11 | 4600 +/- 670 | 4200 +/- 150 3500
stimzar A 5
A-18 later period of late stage [ 15.0+/-2.4 1 147 1 69+/-2.0 12.0+-02|3.44=/-0.11 | 4400 +-710 , 430 +/-10 5000
Motoyastik : ' f 3
B-18 later period of late stage | 12.2 +/- 1.0 . n.d. V1054425 1 013 3.7 +/-0.13 | 3800 +/- 360 , nd. 3500
Mivasori 1 i
A-23 Hanazumi-kasou [ 22.7 +/-2.9 n.d. 11.84/-09 57.1 +- 17| 3.01 +- 011 | 7500 +/- 1000 n.d. 6000
Quartz sample Feldspar Not determined (n. d.)
sample *1 B.p. : before present (2000)
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Fig.9 An OSL-detection part in the automatic luminescence
measuring system
For IRSL-measurement, B-LED was replaced with in-
frared-LED together with suitable PMT and glass filter
combinations.
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Fig. 10 Changes of OSL-shine down curves of a quartz extract
with applied doses
Quartz was extracted from from lope-shaped pottery
piece excavated in Okumiomote (Niigata) ruin.
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Fig. 11 A mapping expression of AIOH(a)from IR-scanning ab-
sorption spectra and color center distribution on a

quartz rock slice
Microscopic FT-IR scanning was performed in the
fixed area indicated in(b)
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The paleo-dose estimation methods have been improved greatly over the last several years as
follows: One is a justification of detection window in wavelength based on accurate spectroscopy
of luminescence phenomena using sensitive on-line spectrometry. Another is development of
measuring instrumental system preferable for a single aliquot regenerative dose (SAR) tech-
nique, which is most reliable protocol for OSL (optically stimulated luminescence)-dating.
Recently, a new automated luminescence measuring system, which is installed with a small X-ray
generator instead of radioisotope irradiator, has been constructed for the red-thermolumine-
scence (RTL) measurement form quartz extracts of burnt archaeological materials by the SAR
method in our laboratory. Four kinds of luminescence measurements, involving RTL, BTL, OSL
for quartz extracts and IRSL for feldspar aliquot, were applied to determine paleo-doses of burnt
archaeological (Joumon) pottery pieces. Consequently, the highest PD-values from RTL of quartz
fractions resulted in the individual RTL-ages in concordant with the predicted ages from lope
shape caved patterns, although all other PD-values showed small values due to unstable sources
of luminescence. Subsequently, the inverse correlation between BTL and AlOH-contents was
found within quartz grains, probably owing to erasing effects hydrogen radicals, which were pro-
duced from radiolysis of OH-group in quartz. Such effects from various contents of impurities

was considered to cause different sensitivities of luminescence in archaeological minerals.



