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'I 
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~ • 
UlTYl 1 

o 
UYI"1 (Introduction) 

1.1. ri3J1LLa::A.13J~1fl'Yl.Itl\JTA"\JnTi (Theme and Rationale) 

1unl1~111,;)LL~~~n'Mli~rJ~Tu,li1&i'Yl rJl (Geology) 'V\1ElllJ11rn~~ (Archaeology) 

,jEl:IJ~~~1~ru~1'V\1lJlrnli1&'V\1EllrnllJ11rn~~ ~El ,jEl:IJ~EllrJ (Chronological data) "lHh'l 
'IJ " 'IJ " 

~1 El cil\1 ~~n 'Ml 'V\1 El Ell rJ"lJ El\l~U~ ~n 1!i'1 LtiEl \I ';)1 n,jEl:IJ ~ Ell rJ'Yil1i 'Yl111J {i\l';) ~nl Lit~'V\1 El 
" ~ 'IJ" 'I 

i1~Ulnl1"lJEl\l~\I~~n'M1L~ ~\l1uu';)';)uu L'Yl~it~nl1nl'V\U~ Ell rJ~1 rJi~nl1'Yll\1i'Yl rJl~l~~f 
q 'I 

5jnl1~~Ul;]UEl r.il\1 <il El LUEl\l LL~~LL~n LL"lJU\IL111U'V\ ~ln'V\ ~1 rJin- ~\llULL<il ~~iTI5j,jEl L<il u-,jEl ~El rJ 

LL~n<ill\1 nu ;fUEl tinlJ,jEl~ln~'Yll\1'V\ ~n nl1'V\1El'Yl fJ 'Mfi'Yll\1i'Yl rJl ~1 ~~f~111~ rJn ~1,r Lanu in­
'IJ W 'I 

40 39 
Art Ar (McDougall LL~~ Harrison, 1999), Fission track (Dumitru, 2000), 

Dendrochronology (Kuniholm, 2001), Amino acid racemisation (Wehmiller LL~~ Miller, 

2000), Radiocarbon (Hedges, 2000), Electron spin resonance-ESR (Grun, 2001), 

Thermoluminescence-TL (Aitken, 1985) LL~~in- Optically stimulated luminescence-OSL 

(Aitken, 1998) LiJU~U ~\llUnl1L~Elnl,n~nl'V\u~ EllrJn'lJl~~~~El\lnT~~n'Mlt!u U,;)~rJ,hT1ru
. q 'I QI 

3 111~nl1~~11~lii\lti\l ~El 

I 
.., A."'" ,,go 0 I A A ~ ..., 

1. 1~~'V\1El~1ElrJl\1'YlUl:IJlnl'V\U~EllrJ LGJ1U n1~~n 'V\ElrJ ElU'Yl1rJl~1:1 L'V\:lJl~~:lJn'lJ 
'I 'I 'IJ " 

L'Yl~it~nl1nl'V\U~EllrJLLlJ'lJl~ (~111\1 1.1)
" 

2 . anl\1 Ell rJ~L'V\:lJl~~:IJ L iiEl\l,;)lnL 'Yl~it~nl1nTV\'\.t~Ell rJ1ULL<il~~El cil\1t!'\.t5j~n rJ1l1~1unl1 
'I 'I 

nl'V\'\.t~Hn rJ~ El cilUan1\1 <ill \I ') nu ~1J LUEl\l :lJl,;)ln,jEl~ln~'Yll\1 L'Yl ~it~'V\1El,jEl~ln~'Yll\1 
'I 'IJ 

'Yl fJ M~ 'Yll\1i 'Yl rJl ~1 ~~ f~ ttl :lJl1GJ1L U LL<il ~ ~in-nl1nl 'V\ U~ Ell ~ t!u ~ \I ~\I ~ ~1iLL<il ~~ 
L'Yl ~ it~ t!U~l :lJl11:1 nl'V\ U~ Ell rJ LtJfLU~1~'lJl\1an1\1 L 1 ~1 L 'Yilt! '\.t ~\I 'V\l n UEl n L'V\ itEln11tt 

" 
,;)~~\I~~1'V\i.aJ~l:IJld1:1nl'V\u~Ell rJL~LLaJUtil'V\1ElLaJ,"lL~Elii El (111 1.1)

'I 'IJ 

3. fil~1111~~~~1~ 1ULL<il~~i~tfu5j~11:IJ~~~~1~~LL~n<ill\1nu (111 1.2) ;]uElcinlJ 
'IJ 'IJ 

m~rJil rJ El:IJ1lJ~1~11:IJ ~~~ ~l~~,;)~Ln~;]uL~:lJlnt!El tiL ~ rJ\ll~ 
'IJ 

~1 El cil\1 LazlU nl1nl'V\U~ Ell tltJfl rJin~lf'lJ ElU-14 ~\lii ElLtJf11 LiJuinnl1'V\rt\l~L~1lJ 
'I 

~111littl:IJ LL~~tI El1l11J El cil\1n11\1"lJ11\1..t11~n LL<ilin~lflJ Elu-14 [J\lij,j El~ln~ El ci~ El ~:IJ~11 
'IJ 

Lanu ~lflJ ElU-14 1,fl~n'lJl~1:1~ LlJUflU'Yl1t11~ 1:1 L'Yil,xU LL~~azl1\1 Ell rJ~i~~lf1JElU-14 nl'V\U~ 
'I 'I 'I 

L~Elciluan1\1i.aJLnu 45,000 UL'Yh,xu (Roberts LL~~~rn~, 1994)
'IJ 
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~Tn~ 1.1 f11l!Jffl!Jl1rJ1unl11h:rJn~innl1nl'V1U~EllrJn1J1ff~'YI1~1l1rni'YnnLL~:11J1lmf1~hfit~Cih~ G1 
....'I J 

(Aitken, 1990) ~ru«n1!tntLL<j)~:LL1J1JLLff~~
'" 

in rJlll'Y-llunl11in1Jnl1nl'V1U~Ell rJ~LL~n<j)l~nu
'I 

~ 
3'J: ~ ~ r 

;;::::I ~ QjJ s-"' - :t 
Q,.o (Q) «(S 1((S r I:: ... 
'H{<Pl c:: ~cr; .)~ ~ ... !: u::: ;;f 

'I 
~ q::I «(S 

A.o:( 0 
(SiiI r (Q) C::iiI I:: 

1 fi"nTlnTVI"<Pl fl1 U aa 1,1 QjJ c:: c:: "';:I (SCI" (Q) 

~ 
~ 

'I 
1,1 r (Q) aa aa (Q) 

.)~ ~ -~ ~1j: c:: ~ ~ "';:I s (Q) 
... m ~ 

Amino Acid Racemisation * * ** 

Electron Spin Resonance ** ** *** ** ** 

Luminescence (TL, OSL) *** * *** *** 

Fission Tracks *** *** 

U-series ** ** * *** * *** 

KlAr,40Ar/39Ar *** 

Radiocarbon *** *** * *** ** ** ** 
~ 

Dendrochronology *** 
--­ -

*** 'VI!Jl rJ~~ 1ff~J'Uffll1l1rJnl'V1U~Ell rJn'lJinnl~nl'V1u~ Ell rJ,xu ") LCilEl cll~ih.h:~'YIn-lll'Y-l 
'I 'I 'I 

** 'VIlIlrJ~~ ~~nTHil'V1U~EllrJ'lJl~f1f~lil'Y-lEll~LL~:1Jl~f1f~L~lil'Y-lEl1~ 
'I 

* 'VI 111 rJ~~ 1ff~,xUL~L'VI!Jl:fflln]JnTlnl'V1U~ Ell rJ,xu ")
'I 'I 
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Amino ACid RaoemisaUon 

Electron Spin Resonance (ESR) 

Luminescnece (TL, OSL, IRSL) 

U-series 

Fission Track 

Pb-21 0 

K1Ar and 40ArP9Ar 

Radiocarbon 

Dendrochron,ology 

1 100 10,000 

Age (years) 

1.I1:~'YlTI1l1~ (1.I-rlJlh~~1n Colman LL~~ Pierce, 2000)
'I 

100,000 

10,000 

1i9,QO' 
~ 

'I,.;. 

m 10<} 
,2::l 

~ '10" c 

~ 
8 1 ' ~~----------c: 
:> Dendrochronology 

0.1 

, 

1~OOO 10;000 10Q.000 

Age (years) 

11.1 1.2 ~1T111aJ~~~~1~1~ rJ1.I1:3J1ml,"LL~~:;L'YlTiitfln11nTV\,"~El1 rJ ~~13J11flnTV\,"~i.~ 
~ 'I 

El rh~ii1.l1:~'YlTIllTV~ (www.rses.anu.edu.au) 

www.rses.anu.edu.au


4 

o '" AQ ~ '" A.o=I 

nl1nlV1U~tllt1~1 t111lL"Hh'JLL~\lfl1111"H)U (Thermoluminescence, TL dating) LL~:11l 
'I 

n1:~i\t,~1tJLL~~ (Optically Stimulated Luminescence, OSL dating) L1julfinl1nlV1U~tllt1
'I 'I 

'Yn~i'Yl t11f11~~f~"b~ul" LL~: rT~ LtJUL~tl~1VllJ~lV11lJ~lU1l1nti'Yltll LL~:llJ11mfl~1ulh:L'Ylf1 

L'YltJ "JJtl~~tl~nl1nlV1U~ tll tJ~1 tJintt ~ tl ~11111rlnlV1U~ tll tJl~rl~Yil11T'illn~UVl1tl~:ntlU 
'I 'I 'I 

~1~ ') ~~iitlL~';hdJunl1nl'V\U~tllt11~tJ~1~Vl1tltllt1il1lJ1n! (Absolute age) LL~:,s1~tllt1~
'I 'I 'lI 'I 

ih~u~L~n11~~~ ~tl 10-200,000 11 ~~iitlL~ilfl181Jfl~1181t1'Yll~~lU11J11mf1~LL~:81tJ 
'I 'I 'I 

'" .0=1 I ~ 6' Q 

'Yll~~lU1l1mtJfl tl tlUVl1tltlflfl1 tl L'Yl 81Ul1 (Quaternary period) 
'I 'I 

~~,fu1u~luiit1tt~~ lJ~ Luu~n'MliitllU~1U~ tl~nl1nl~U~ 81 t11~~'Yll~11J11 mf1~ 
'I 'I 'I 

~1tJln- TL LL~: OSL dating t~t1LUU1~~Lf1'M~~11J11m~rllU ~~1~t1rt1Llh:rndJu~~~~rlltJ~ 
'I '" 'I 

rT~f1~~~~ L~~8 tl cilU~U~~n'Ml 1~ tJ tllt1~L~L1jUtll tJ~ tl~nl1~~~ntlU~~L~~l,fu ~~~11111rl 
'lI 'I 'I '" 

Lfi tJlJ L~ t1~L~n'JJ tll t1~ tl~ Lij tl~11J11 mL ~ ~1,fU"il1 ~ 6) ~ ~ tl~"ilU~1 tl cil~~~ii tJ LtlU~1 tl cil~~ 
'I J '" 

~13Jl1r1~lL~~1 t1111nnilLrl tlL fi tJlJnlJ~1 tl cil~~U ') L,sU ~18th~riluVl1tln1:~n~~ii~i~ 
'lI 

Lh~1lJnl1nlV1U~tllt1~1t1ifi C-14 
'I 

1.2. -lGlnU'l:"'\J~ (Objectives)
'I 

1. 1.h:Liju~ntllll'VHL~:f11111~11111r11unl1nlV1U~ tll t1~~LL~:LLVI~~11J11mfl~~1 tJin­
'I '" 

TL LL~: OSL dating 

2. lh:LijUtllt1"1Jtl~~~LL~:LLVI~~11J11mf1~~Ltlu~u~~n'Ml ~1t11n- TL LL~: OSL 
'I '" 

dating 

'" d
1.3. vhJ,'Yl~nH1 (Study Area) 

~1111~rllh:~~~~ tl~nl1~n'Ml1itJ~n~11LulU']l~~U mitli.~L~ tlnytu~~nMl
'I 'lI 

1J1L1mLL~~~1u11m,,~'Yi~~n (Thung Tuk Archaeological Site, TT) ~~~\ltlci.yhrlu'Yi\l~n
'I 'lI 'I 

~llJ~Lnl:fltlL~l £)1 Llltl~:;rtTlh i~~1~vr\l~1 1l1fll~~ tl~U1:L 'Ylf1L'Yltl (1U 1.3) ~\I ~lLVI~~ 
'lI 'I 

LL~~~llJ11mfl~ttrlnL1t1nl1'Yi~~n Ul"il:Lrttl~111"illn1UytuYittW1J5J)'ln tllfll111J11m~rllu~ritl 
'lI 'I 

~1tJa!~~1t1LLV;~ ~\I~11111r1W'JJ~~u11n!J~13JytUi.~~t1rt1LU 1~ tJLLVI~\l11J11 mfl~U1U~\I~n 
tt iifl113J~1~ru~ tlnl1tlTIUlt11l1W~ tl~"lf3J"lfU11J11mlULLrlu1l1fll~LtJutl cil~3Jln Liitl~"illnii 

~ 'I 

fl1111il1vrUtrrl'JJLLVI~~1u11mfl~VI ~1 tJ LLV; \I 1~ tI LUWl:LLVI ~\ItU11 mfl~~l3J LLU1 LLlJ,rl~:ttTLh 
i.~LLri L~lW1::LVlUtl LL~::L~lW1::Ul11 tJm "illn~lLLVlti\l~~~'Yll\1llijf11~~fLL~:~ ~n~lU'Yll~ 

'lI '" 

11J11 mfl~riW1J ~13Jl1rln ~11L~il ~r11U~ LL V;~ttL1JULij tl~'Yil ~l~ru~ tl cilUL au'Yll\1nl1r11~1 tJ 
~ 'lI 

"JJl11fllU~11'Yl11:~11~~\I~:1u~nrl1J~~~::1Utl8n1u~iJtI11J11m L ii8\1"illnWlJ llJ11m1~r1"illn 
'I 'I 

Tll tJUtln~lU1U3Jln 1~ tI1'JJ11 m1~rl~\ln~11ii tl LtlU~U~l~l1L~ tl t1~ L,]1111rl1J1::uunl1r11
'I 'I 

LL~:~i.tl~qJanu1:nl1V1rt~ ~tl iinTn~ tln~l LLVlti\lYi~~l 'lKtl ~~1~ulnLLlJ,rl~::ttTLhw tl~~\1 
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~fllVi'L V;uii~,;)~1.h~~~~.yj~fl~nl11iLlIuLiu'Yll~nl1~1~1:JJLLU1LL3,hrl~~rt':l1Jlfl cil~i~L,;)U ~~ 
'I 

,;)In,rfl:JJ~.yjn~11:JJl LL~~~lVi'L V;Uii~~11:JJ~1~ru"ll fl~ LL'V\~~llJ11m~~ LL'V\~iiLlIuflcil~:JJln ~~Ju 
~ ~ 

~~ ij~11:JJ~1 LlIu~';)~~fl~5jnl1nl'V\U~ fll rJ fl cil~i~ L,;)U ~~ii~ LL~11';)~5jnl11J1~L3jUfll rJ"lI fl~ 
'I 'I 

LL'V\ ~~llJ11 m~~'Yl~ ~ nd'LlUl~ LL~1 LL~ fiL lIUL ~ rJ~nl1nl'V\U~ fll rJ LLlJlJ LYi rJlJ L~ rJ~ (Relative
'I 'I 

age) L'Yll,rU ~~Junl1nl'V\u~fllrJ'Yll~1'YlrJl~n~~f~1rJ1TI TL LL~~ OSL lu~lu1~rJii ~~LUU 
'I 

&(1U~1~ru~';)~,j1 rJflU£1Ufll rJ'Yll~1GJ51nl1~ LUUfll rJi:JJlJ1rn (Absolute age) l~rJLu'Vn~1 U 
~ 'I 'I ~ 

1J1~L~unl1Li:JJnlLit~U1UL!j fl~~ULL~ULLt:llJ"'ul rJ ~~'Yl~L~ erU~n11U nl1flTIlJl rJ Liu'Yn~nl1~1 
~l:JJ'V\~n;jlU'Yll~llJ11m~~~~lJ1Vi'i~L';)u;Ju

a 

11.1 1.3 n-"1J LL~U~LL~~~~i~'Yll~l13j~l~~f"llfl~LL'V\~~llJ11mfl~'Yl~~n fl-~ ~111'V'fYt1i.1JLL~~nl1 
~ ~ 'I 

L,rlii~vru~~n~lLL'V\~~llJ11mfl~'Yl~~n 
'I 
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1.4. \J1,"~~t11,"21~Glu~::n1''jYl1J't1'l,"'l'j·HlI,n'j'j3J (Literature Reviews) 

LL ~ ~~ t 'U11 rn~~ri~ ~n LL V\~d 'Yl11'U nU:JJl LL~ L~:JJ LL~11lij~ll:JJ Lil f1ru'Yll~t1J1lrn~ ~ 
, QI 

eJcil~:JJln ~1~'Ul'YlLi:JJL<ii~~1~:JJ~nI1Ln~lL~leJci~1 1annl~~ 6 Lriuflf~~11~~1~flLi1tJtJf'lLlIu 
,~ ~ 

Li:JJL<ii~~1~'U1:JJteJ1LilTI1lanLitJl:JJ:JJn I11lann3Jl1 L~LLi<ii~'YleJ~~1~LU~1 rn LL~~~t'U1lrnfl~LLv\~ ,~ , 
d LriuU ~.f'I. 2452 t~tJ'Yl1~n~11ti~LL~U~~ LL~W~U~lULLil~~lJ ~feJ3JntlLLi~~'YleJ~~1~LU~1 

'" '" 
6""'/ 6""'/ 6"~"" I ~ I 

~1~Ul1l tJrn'YlL~1~1~L~UeJ LL~~~1~,"11l tJrn'Yl L~1~1~,"11l tJrn~l tJ LL~~tJ~'Yn~n~ll~l tJll 

LLv\~~1lJ1lrnfl~rf~ 3 LL~~~l:JJLL,"lLL3-hrl~~kltJl,f,"ijflll:JJ«3J~,"fn," 
~eJ3Jl ~1. LeJan ~ flleJ1'Yl5Jl L1~ff (H.G. Quarith Wales) L~L,r13Jl~11l~LL~~~~~,"'Yll~, 

tlJ1lrnfl~~LL~~~tlJ11rnfl~L~v\~d LrieJU ~.f'I. 2477-2478 t~tJ~ri~~nL~~lJ6jflntlJ11rn~fllU, 
I ~ A t a I ~ ..., .r a I ... 1 
neJ~ltJeJ~~,"l~ ~tJu1~:JJlrnnll~ X tJll 30 X 60 ~~1 LL~~~~~ln1~~lJ~Uu1~:JJlrn 6 Y'4~ 

'" ~ 'I 

UeJn~l ndrT~~ lJ Lfl~eJ~rl'l tJ~,"LL~ ~Lfl~eJ~ LLnl L11 eJ1L:ntJ LL~~L~L LiUeJfl113J~~ L~ tJlnlJ LL ~~~ 
tlJ11 rnfl~LL~~d''-,h LL ~~\lt lJ11 rnfl~'Yl\l~nti1~~dJuan3Janut lJ11 rn~u ~~1 n ~1 i~thln IlLU

" :w 
~~~3JltJLv\~~1~ '] ~~LlIuLijeJ~'YllLilf1ru~ijeJltJL3,jUeJ tJnll~'Ylllf'l~111M~ 7 

, QI 'I 'I 

~eJ3Jl eJ~lLiLL~1 LL~:JJi1 (Alastair Lamb) untlJ11rnfl~anll5~n'lMLLvI~3J~11'YltJl~tJ 

3Jl~l tJl U1~L'Ylf'l:JJ1L~ L:ntJ L~L,r13J1Lil1l~LL~~~ tlJ1l rnfl~rl~~n L~1~1::L~UeJ LL~~L~1~1~ 
'I 

Ul11tJm L~tt1~ntJ~ LfI~eJ~LLnl Lfl~eJ~rl'ltJ (1U 1.4) ~~1J~LL~~~1lJ1lrnfl~'Yl~~nd' LU 
~ ~ 'I 

1 Lfl11~~'Yll~1'Yl tJlf'11Li~1 ~~~~nl11 Lfl11~~LiUlJ ~uULL Ulf1113J~~~ilan3JenU1lJ1lrn~~klth, , 
tb~~LlIuLijeJ~'Yll~l"ru ~~lhlnl1~l3J~~V\3JltJLV\~eJ1v\1lJLU~"rlllf'l~111M~ 14 LL~~LtI,"Lij eJ~ 

QI ~ , 'I 

L~tJlnlJLiju~~~1n~1~13J~~~3Jlt1L~~1,"~'Ylllf'l~111M~ 7 LL~W~,"lLlJuan3JanuLijeJ~rilLilf1ru
, 'I , QI 

1U~'Ylllf'l~111M~ 12 ~1~nlJ LiiJtJ11enl~vi5~ (Tang Dynasty) ~ eJ~~U LL~~ijfl113JL~Ul'Hf'lM 
'I 

LL11l~~lJ rn LL~~~tlJ11rnfl~'Yl~~nijfl113JfI~ltJfl~~nlJ~~lJlU~~1ueJunn~1~1U~'Ylllf'l~111M 
'I 'I 

I 
A A"" 

'Yl 13-14 (f'l1Li"151~, 2529)
'I 

~eJ3Jl QltJLil11rn LL~~ UtJ1~," (2547) L~.yhnl1~~Lil1l~LLv\~~tlJ11mfl~'Yl~~nt~tJ 
'I 'I 'I 

~~LEj tJ~ LL~~,r~.yhLL~uir~LLLi~~nl1n1~~ltJ~1~eJ~LL~~~6jflnt1J11ru~fll,"~~~~lJ ~~ LLLi~~1 U , 
111 1.5 ~~~~"illnnl1~~~,"LL~~lJ1m~sriu3JLLsn:JJ ~lJsnln"lJeJ~~l,"~~eJcil~,reJtJ 8 ~lLL~U~ 
~ , ~ '" '" 
n1~"illtJuci1l1tJl,"LLv\~~1lJ11rnfl~'Yl~~n ~~1ULL~~~~lLL~U~,f," ~l,"L~ nJ"il~i,3,j~~~L~~ eJfl113J 

~ 'I QI 

LlJUeJlfll1~1eJ~~u~nLifl~1iL~'" ijL~ tJ~LL~Lf'lM~~~ rT~fl~~~~~n,"1,"1U~ LLU~fl113J~:JJl tJL~ 
~ '" ~ 

l1Ltlu~lU"lJeJ~~~u~nLifl~ LL~~Lf'lMfl~~n1~,r~n1~"illtJeJciL~iJLtl~1~,"~~nMl (1U 1.6)
'" ~ '" ~ ~ 

eJcil~L1n~1:JJ~~~"illn"lJ~~,"L1tJlJfeJtJLL~1 L~ijnl1ttlLf'lMl1J11rn1~fI~Ul~ul"il L~U 
'I 'I 

LfI ~ eJ ~ LL n 1 L U eJ 1 L :n tJ ~1 El Lfl ~ eJ ~ t1l tJ "1513J "ill n ~U L U Yll n 11U1 ~ Lij U LL ~ ~ LYl tJ lJ L ~ tJ ~ eJ 1 tJ 
'I 

(Typology) t~tJ~L~tJlanlru'Yll~l'U11m1~fI u~~ijnl1LnlJ Lf'lM~leJ cil~BU'Yl'1tJl~flLUih~u~ 
~ QI 'I 'I 

~ AA 6" VI ~ 1 .r ~ 
eJltJ~ltJlllfll1lJeJU 14 LL~~ b~ultJ ,"LlJeJ~~U 

, 'I 
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~~JuLunl1~nMli~tiLu~f~tt ~1~tli.~"lJ fl flUUJl <ir'inn'Yn~ ~lirn~lu~~lhn1~ 15 
'U 'I '" 

~~'V\'r<illlLn<il Lyjfl"lJflLn1J~1 flrh~1JTYhnl1riTV\U<il fll tI~1 tlin- TL LL~:: OSL <ill1Jl<ilrJlh::~~~ 
'U 'I 'I 

V\~n"lJf)~1~1~nl1i~tl1<iltlrhnl1LfhJ~1f)cil~~~ ~lU1U 6 <il1f)cil~"illn,rl~LLv\~~11J1lrn~nlU 
.u 

V\1Jlt1L~"lJ 1,3,4,6, 7, LL~:: 8 f)cil~~:: 1 ~1f)cil~ L~fli.lhilnl1rilv\U<ilf)1~LU~fl~U~U~nl1 
~ A 6' Q...II 0 .., Ad A d ~ 0 

L~ f)1 L~1l::v\f'[n tllll~"lJ fl~nl1nlv\U<il fll tI<il1 tl11) TL LL~:: OSL L1J f) L'Yl tlUnUnl1nlv\U<il fll tI 
'I , 

~1 tlin-~nf1JflU·14 ~~nl1U1::L~Ui.1LL~1ri flUV\,xltt 
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Ancient remain 
N 

.• Pit 

• Road 
o 10 20 30 40 50 m - - - - - Boundary 
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~• 
UYIYI 2 

Q; -=­
2.1. 'VinflflT'n"Hh'JLLi:f\J (Luminescence Concept) 

nTH1TIlJl tI L~th'lVl~nnl1L1eh'lbL~\'1Tl11:JJ1fl'U,~L,ylL,;)~1 tI~~~ ~ fl nl1eJTIlJl tI~~nLL1L'U, 
'I 

1tJ"1Jfl~"1JeJ~ LLi1~ (Solid state physics) ~~~:;L~ tl1nlJ1:;ilJ~~~~lW'LJ fl~aL~n~nfl'U,LL~:;nl1nn
'\I 

dilJaL~n~nfl'U, (Electron trap) 1~ tiL'U, 'YI1~'Ylf:\M~LL&r1~~n~~:JJ\l1nt 1~ tlrt1'tJ"il:;lh:;nfllJ~1t1 
1~1~,]1t1"1Jfl~~~n (Lattice) ~fl~tJ1:;,;)~lJ (Electron) LL~:;1.h:;~1J1n (Proton) ~~~LVI~tl1flti 

'I 'I 'II 

~1 tln'U,fl til~~:JJ~~ (':1'tJ 2.1 n) fl til~L1n~11:IJ ~~n Ldl'U,lf11!J"Ifl~ ,f'U,iJn,;):;Ln~"11~lJnydfl~
'I 'II 

;1ui.~el'U,L rtfl~~l,;)ln di~~11:JJlJn~1e.l~,;)1 nVl ~1 tln1nt Lan'U, di~,;)lnnl1LL'YI'U,~l~tllh:;"il"1Jfl~
'I 

A A A' ..... , A' ..... a A 0 '" 
lfl~:JJ~'YIU Ln~,;)lnnl1LtI'U,~1 fl tll~11~L11,;)ln"1J'U,~ e.l'U,nl1V1 ~ e.l:IJ LVI ~TV\1fl Ln~,;)lnnl1'Y11~1 tI 

'I 

1~tlnl1LL~n:JJiJ'U,~fll~1~~ ,;)ln~tJ 2.1"1J LL~~~1tJLLlJlJ"1Jfl~1~1~,jlt1~~n fltil~~1t1~Ln~"11:IJ 
'II 'II 

~ ~tJn ~1~ tI L1t1~ ~1 iu';)1 n6J11 tI LtJ"1J11 L~LL ri ~11:IJ ~~ tJ n ~ Lrtfl~,;)l n 111:;';) ~ lJVll tI'tJ,;)ln
'I 

~1 LL Vlt.i~~~11e.l ti (negative-ion vacancy) Tl11:JJ ~~tJn ~ Lrte.l~,;)l ntJ1:;';) ~lJLL'YI1n fl ti1:;vdl~
'11'1'11 

n~l~ (negative-ion interstitial) LL~:;~11!J ~~tJn~ Lrte.l~,;)lnnl1LL 'Yl'U, ~"1Je.l~f'['U,£Jn~1~~11:JJi.~
'\I 

U~~'YIt (Substitution impurity center) ~~ Lrl e.l ~~n Ln~~11 :JJlJn~1eJ~ 'Yll1~~nMru,:;"1Jfl~
'I 

1~1~,jl tI~~n"1J e.l~ Ldij~l LLVlU~"1J e.l~lh:;';) ~lJlJl~~"1 LL VlU~'~~lJtJ1:;,;)~lJ11~ e.l ti ~~'Yll1~~lLLVlt.i~ 
'I ~ 'I 'II 

,f'U,tJ1:;~f:\ ~ i1 n ~1 tI LlIuVI ~ aJnn LnlJa L~ n ~1fl'U, (Electron trap) LL~:;iJn LlI'U,"il~~~~~
'I 'I 'II 

aL~n~1fl'U,~'U, ') ~ n1:;"ill tI~1 e.l tiU~L1 rn1fllJ,jl~1~L,ylaJl ~~ ~1 e.l til 'U, VI~:IJ (1tJ 2.1,,) Lrl e.l i.~1lJ 
'II 'U 'I 'U 

.., tV I d I ~.., I CI.J ....... ~ 
n 1 1 n 1:; ~ 'U, "ill n ~ ~ ~ ~1 U ~1 ~ ') '11 ~ t11 tI 'YI e.l ~ ';) 1 n ~~1 fl U"lJ 1 ~ L"If 'U, ~ ~ ~ ~1 U ';) 1 n n 1 1 LL ~1 ~ ~ 

'I 

ihL~~tlf"1Je.l~lfl~naJiJ'U,~1~~~laJlf11aJ"Ifl~ Lanu tlL1LittlaJ (U) 'YIflL1t1aJ (Th) LL~:;ltJLL~~L5fl[JaJ
'I 'II 

(K) 1~ tI~tJ1:;,;) a L~n~1fl'U,LVI ~l'd ~laJl1t1V1 ~~ fl flnaJl'~~ ~ e.l~ L 1 ~1 Lrl e.l ijnl1n1:;~uan~f~
'I 'I 'I 

~1t1~tr~~1'U,1tJ~1~ ') Lan'U, ~11aJ1e.l'U, (Thermal) Vl1e.lLL~~ (Optical) (1tJ 2.1~)
'II 'U 

'U,e.ln,;)lnnldflTIUl tlVI~nnl1nl1L1e.l~ LL~~1~ tiliLLlJlJ~l~ e.l~ eJ til~~l tI~~~i.~n ~11'1 
,jl~~'U,LL&r1 'YIf:\M~nl1L1e.l~ LL~~~laJl1t1 e.lTIUl tI~1 tI'Ylf:\M~1:;ilJ~~~~1'U, '~i~d (~~tl 2.2 

tl1:;n fllJ) ~t11'U,:;"1J e.l~ ~~ n~i.~ ~aJlJ1nt (Defected lattice) ';):;tJ1:;n fllJ'tl~1 tlVI ~ aJnn LflU 
'U 'I 


... A' fi' a. d ..... A' 


flL~n~1fl'U, (T) LL~:;f'[Utln~1~nl1L1eJ~LL~~ (Luminescence centers, L) '11~VI~aJnnLnu 
'II 'I 

A A' J"."........... '1' ,t, ..J '1 J'

flL~n~1fl'U,'U,,;):;aJ1:;~lJ~~~~1'U,eJtI 'U,"If1~1:;Vl11~ "If'U, Valence band 'YIeJtI U~1l11:;~U 

'II 'U 

d ~ t,..J.". .". t, a · '" 
(Ground state) '11~LiJw'nU'YlaJ~11aJL~t1t11~~ LL~:;"ll'U Conduction band Vl1fl~1l11:;n1:;~U

'\I q 

(Excited state) ~~LlI'U,~1l11:;~L~L~ntl1 (1tJ 2.2n)
'II 

,f'U, nl1 LL~1~ ~ (Irradiation) Ln ~';) 1 n aL~ n ~ 1 eJ U'~1lJ ~ ~~ ~1 'U,,;)1 n nl1LL~ 
n:IJiJu~1l1Yi1~~,;)lnlfl~n!JiJu~1~~1Ulf11aJ"ll'1~ ih1VlB L~n~1eJ'U,t1nn1:;~'U,;1'U,lLil'U,~1l11:;i.~

'I 'II q 

L~ntl1~,f'U, Conduction ban Ln~nl1nnLfilJaL~n~1eJ'U, l'U,VI~aJnnLnlJaL~n~1fl'U, (1tJ 2.2"1J)
q '\I 
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111 2.1 (n) ~nl!!m:=lf11-\1,j1£.1"lJEl-\l~~n~~3JU1m ("lJ) 1t1LLUUlf11-\1ell1£.1~~n~ijlh:='iilElrj1-\1J1 tJ~ 
'U 'U 'U 'I 

L1i~f1113J~~un&il~ £.1L1£.1-\I~1~lJ'iil1n6J11 £.1LU"lJ11 L~LLri fl113J ~~1.1n&iLil,El-\l'iil1ntl1:='iil~Uv\1 £.1L1.1 
'I 

'iil1n~hLLV\U-\l~f1TH) rj f1113J ~~1.1n &iLrtEl-\l'iil1n1.11:='iil ~U LL 'Yldn El rjd:=v\11-\1n~1-\1 LL~::f1113J ~~1.1n&i 
'U 'I 'U 

L rtEl-\l'iil1nn1dLL 'Ylu,~"lJEl-\lV1u,6n~l\1f1113J'1iU1~'Ylt (f1) ~nl!!m:="lJ El\lV\ ~3Jnn LnUa L~n~dElu, LL~:= 
'U 'I 'I 

.., A " .., A .., 

(-\I) n1dnd:=~u,ElL~n~1Elu,~1£.1LL~\lV\dElfl113JdElU, (http://www.rses.anu.edu.au)
'I 

,Tun1dnnLnu (Storage) 1~wfh,r1\1~i~ (Life-time) ~fl d:=~1Jfl113J~n"lJfl-\lV\~3Jnn 
'I 

"A" ::,..,..,....... • A.-i..,. 0 ............ " 0 

Ln1J El L~ n ~1flU,u,u,~ fl-\l3J ~ ~-\I-\l1 U,3J1 n n11v\1El ~ n L ~ £.1-\1 ~ El ~1v\ dlJ n1dnnL n 1J'iil1'\-1,1U,"lJ fl-\l 

BL~n~dElu, (~\I~1'\-1,1U,"lJ fl-\laL~n~ldflu,1u,V\ ~ 3JnnLlluijfl113J ~3J~u,fnlJ fl1 £.1"lJ fl-\l ~1 El rj1-\1) a-1U 
'I 'I 

n1dL~~~ fl~"lJEl-\la L~n~dflu,El fln'iil1nV\ ~3JnnLiiu1U,,r1 \I 1:= £.1:= L 1 ~ln11nn Ln1Jtfu,di~;ru,UEl £.13J1n 
'I 

~ll1iltl3J1~'iil11m1 (d1.1 2.2f1)
'U 

,Tun111ifl113J1ElU, (Heating) L~Elijn1d1ifl113J1flU,LLrii1eH.i1-\1 L yjfl,r'lJ'~aL~n~1ElU 
El fln'iil1nV\ ~3Jnn Ln1JaL~n ~1ElU ~-\lV\ ~-\I'iil1n a L~ n~dElu,nn,r1JL~El fln3J1 'iil~Ln~nd:=U1u,n1d

'I 'U 
.... 

..., Q...I A Q..I 

d13J~1nu,flnfl1\1 (Recombination) 

(Luminescence) Ln~;rU, (11.1 2.2\1)
'U 

http://www.rses.anu.edu.au
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I~BMdleooo--1I=v.ool 
put

T-V­ ~' ~ 
f\f\Mp!W~ 

-Q­J -V-L 

1::=0--.1 l-~a~d 1~ 
(n) ('lJ) (~) (~) 

J 

11J 2.2 11J~1~El\lLL~~\l1::~lJ~~\I\l1'\,n::vdl\1nl1L1fl\lLL~\'1f111:JJffllb (Aitken. 1985) 
'U 'U 

2.2. nTit.l"::lIn<Pfn1'V1"<Pltl1trl"<PIrfl~-r'UfI'l1IJ.jtl" (Application for Heated Material 
'I 'I 'I 

Dating) 

"l~~~i,~1lJfl11:JJfEllb (Heated material)" Llb~d L"lilb ~lbe1flit ~lbLLlh a~ ti1t1 

GJfl:JJ ~\lfll~ n'Yll\11lJ11 mfl ~ LUlb~lb 1~ tln1::U1lbnl1Li:JJ ~lb'l1 n 1 ~~ L~:JJ ,x'Ui1 nl1~::~:JJ 
'I 

a L ~ n ~1 fllb fl ci ~ ~ fl ~ L 1 ~1 ~1 :JJ lJ"il ~tI "lJ fl \I L 1 ~1 LL ~ :: e)!fi 11 n 11 LL ~ n :JJ ~lb!fi III~1 \I ~"lJ fl \llil!fi 
'U 'I 

n:JJ~lb!fi1\1~llbli11:JJGJfl~ (~\li,~n~11 i,n'U!fi fllb~'U) "illbii\l m L1~1V\~\I ~\ll~~,xlbi,~1lJfl11:JJ
'I 

ffllb ~1t1flmv\llij 300°C - 500°C (Feathers. 2003) it'Ui,1J tln~1flth\l1lbli11:JJ~1~ L"li'U ~111 
'I 'U 

~n ~1 tI LUlb~lbe)flit ~lb~\I L~:JJ~LIn LL1.h~1l1~ ~1 tlfl11:JJ ~"bLL~::'fl mV\1l ij~\I a~ ti1 tI ~1:JJ ~\lfI 
'U 'I 'U'U "" 

1~ n~ LIn L~11 'U 1::v\11\1n1~lJ1lbnl1~~ ~ ~\I ~1 LV\ ~ ~1\1 6) LV\ ~1d' rllL~1~~~" L~ 11~" Lfl tli1 
'U q 'I 

A ~ ..... I..... A..... <'t A .,J 0 I ff 

fl L~ n !fi1Ellb~::~:JJ ~1 fl tI {1 n"lJ lJ fl fl n"illb 'V\ 11 ~ LV\ 11 fllbnlJnl1V\:JJ lbL"lJ:JJ lb 1 wnl:JJl 'Yl!fil LL V\ 'U" ~'U tI 
'U 'U q '\I 

"illntXlb 1 ~~LV\ ~ltXlb~" Li:JJ~lb~~~:JJa L~n !fi1fl'U L V\aJanflf" "illbii"llb~,"1 ~1 fl cil\1:JJ1!fi11"ill~ 
q 

m:JJlm~h~n!fi1fllbv\1flm:JJlm~rufJJ1m TL L~flrllnl1rhV\lb~flltJl~~ m1l1maL~n!fi1fllb~ 
~ ~ q 'I 

i,~ ~\lij fil L'Vi tllJ L~ tI"i,~nlJmlJ1 rna L~n~1fllb~ ~~~:JJ~1 ~lJ ~\I LL~l~~tXlbi,~1lJfl11 :JJ1El'Uflf\l 
q 

~~..rltJ"il1lJ"il'Uii\llJ"il"ilUlb (~11J 2.3 1J1::nfllJ)
'I 'I '\I'll 

~\ltX'U v\ln L 11 ~1:JJ11L11~1.11:JJl rnfl L~n~1fllb~~\I ~1 El ciLlbV\ ~lInnLnlJaL~n~1Ellbi,~
'U 'I 

LL~~~1111{1v\1 e)~11nl1LL~1\1~~ EliJ"lJ El\l~\I LL1~~El1l1EllJ']l\1~ LUlb~1 n1~~lb1Vi'fl L~n ~1fllbL,]1i,1.1 

fl11:JJ~:JJ~lbli"lJ fl\lnl1nlv\'U~ fll tI~1 tJ1liL 1fl\l LL~\lfl11:JJ1fllb fI fl (~:JJnl1 2.1) 

'I 

L~ 11 L~:JJ1 'UV\ ~:JJ n n L nlJ fl L~ n ~1Ellbi,~
'I 

L11 n~1 :JJl1L1V\1 Ell tJ"lJ El\ll~~,f'Ui,~ "ill n~:JJnl1 
'I 'I 

..... ..... ff 0 ~ AA A ~ d 

q 

(~:JJnl1 2.1) 
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nTvlu~l~ 

• Equivalent dose (ED) V\1B fh Paleodose ~B ~hmaJlm~L~n~1BU~{1nn1:;~ul~
'\I 'I. 


LtJ B cil U1:;~1J Meta state ertU itB~aJT;)lnnl1n1:;~U"illnnl1LL~1~~"lJ B~1)l~
'\I 'I q 

naJ~ru~1~~lu1J1Llm1B1J,rl~ ('VI"b~ Lnd£J (Grey)) 

• Annual dose (AD) ~B er~dlnldLLtJ1~~~BtJ"lJB~1)1~naJaJU~1~~~iJBcilu1J1LlmdB1J
q '\I 

,rl~ ~~ln~naJaJU~1~~~~1r1qJ L~LLri ~L1Lit~aJ (U), 'Y1BL1~1J (Th), ltJLL~~L~~aJ (K) 

LL~:;1~~~B~ijn "illniu1Jd1~lnl~ ('VI"b~ Ln1£J~BtI (Grey/year» 

~~~~"illnnl1'V111"lJB~~B~fhd .yhl'V11~~~~YflflU'VIttl£JtI LL~:;dJUB1~,r1J~~LL~LdJu
'I 

L~11J~11UlElU'Yhl~~1J~1~irurulm"ilU'VIaJ~ 'VI1ElL~M~;uJU{1nL~1f1f~~~ril~'VI1El~f~~1~~
., ., '" '\I 'I 'I 

300°C - 500°C 

(Feathers, 2003) 

~,;}~1 

1tJ 2.3 nl1tJ1:;£Jn~VI~nnl1L1tl~LL~~f1l1aJ1tlUn1JnldnlV1U~tll£J1~~~L~11Jfll1aJ1eJU L,rU
'\I 'I 'I 'I 

~uer~it ~ULLtJ1 ~;u til£} -nlaJi~f11~nl1J11mfl~ 1~~LL~~~tlrJlu1tJ"lJtl~f1l13JiaJ~'t.t1h:;11\1 
'" '\I '\I 

2.3. n1"i1.h:aih~11~3J1mn3J3J,"GlIl1'W~\lal,"G1dtlth\l (Eq~ivalent Dose Determination) 

L ttf)\I"illn L 'YlfllUl~fl~iJ tl ciLUU"il"ilUU L~~laJld{11~~hn1J3Tu~fll~1~~ Vl1eJ~h ED 1U 
'\I 'I 

Vltt1 £Jn1JaJU~fll~1~~ (VI ttl ~ Gy) ~ ~E1\1nl1L~1~ ~~1\1 ~~Ju~~iJnTl~~~uiTInl1L~ tlLi 
L~3Jl~~ ~hn3J aJU~fll~1\1~~ iJ tl ciL U~l tl cil~ L U Vltt 1 ~~ L11 ~tl~nl1 L U ~d'L111iLflitl\l ~ EI 

'\I 

A <=fA A 6' t;' A .... 

RISO TUOSL Detector "illnfllfil-nl1)1rnl'Y1~1 f1m:;1'Yl£Jl~1~~1 "ilWl~~n1rn1JVlll'YW1~~ 
'I 

LiJuVI~n (1t! 2.4) ~~ ~13Jl1{11~tJ13Jl mnl1L1tl\l LL~\lL~rf~"illnnl1{1nn1:;~U~1 ~f1l13JfElU 
'\I '\I 'I 

(TL dating) LL~:;"illnnl1n1:;~u~1~LL~~ (OSL dating) 
'I 
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" ~~~:'~'''' ''-~''. ' 

. . I~;':':;"'J~"" ,,;:_, 
._____--..:i.: ... ~;, '-:­

8 ~'J'W~'Jr)~LL~'1LL~:;~'J'W"lltJ'1tJ~'1J'1J'1ru (Photo detector and Photo multipliers) 

o ~'J'WfO)'JurJaJ~:;utJ1~fO)'J'1aJ1t)'W (Heater system) 

o ~'J'WfO)'JtJrJ~n1~'U1tJn~~'W!?lJl'1Y'l1'1~ (Radioactive Irradiation system) 

o ~'J'Wr1'JtJrJ~~:;tJUenfc;JLL'Jf (Hardware control system) 

o ~'J'WfO)'JtJrJ~~:;tJtJen'f)f~ LL'Jf (Software control system) 

o [)'1c;JtJ~~,&r'J'Elth'l (Sample dish) 

A " I IV I .d A " A Ft
(Thermal) 'V\'HlLL~\'n1:;<il," (Optical) LLn~l1fltn.:l ('V\~l[JL~"1J 2) 6]j.:lL~flr1nn1:;<il," e1L~n<il1flW;}:;

'I 'II 'I 

U~<ilU~fl [J~~.:I.:I1,"f) f)n~11'"1U"1J fl.:lnl1L1f).:I LL~.:I (1U 2 .5) ~·lntf'"l<ilm~lnblyJ<ilfl,""1Jf).:ILL~.:I
'II 'II 

~1 tI~11<il LL~.:I (Photo detector) LL~:;"lJ til tI ~qJ qJl fibl V;L<ii,",r<il;]U~l rJ LfI~fl.:l"1J til tI ~qJqJl fib 

(Photo multiplier) ('V\~lrJL~"1J 1) 
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(www.geology.com) 

~~~L~'l1nn11~1T;rr~ 1un1ru,~ Eh1 TL ,;)~LL~~\I El cilU1U~1111i11.y~\tTI1~'V\';h\l1~~U
'1.1 '1.1 

El rn'V\llij~n1~~'U,1~~1 El ci1\11U'V\ U1 EJ El\l~1 L6J1~ L'tlEJ ~ (LLnULLU 1 UElU) 'ii ElU1111 rna L~n~1ElU~ 
~ '1.1 ~ 

~11,;)1~L~luLL'ii~~1~~uElrn'V\llij lu'V\u1EJ countlsec (LLnU~\I) ~\lLL~~\llU1U 2.6 n11yJ 
q '1.1 '1.1 

..... ..... ~..r... I I ~... d ........ ~ 
~1111~11~U1)UL1EJn11 I'lL Glow Curve" ~1UbUn1rn~El\l OSL 6J1\1{1nn1~~'U,~1EJLL~\lUU ';)~

'1.1 q 

LL~~\I El cilU1U~1111i11~UTI1~'V\i1\11~EJ~L1~1~ LL~\ln1~~U1~~1 El ci1\11U 'V\U1 EJ1U1Yi (LLnU 
'1.1 '1.1 q 

LL 'U,1'U,ElU) 'iiElm111rnaL~n~1ElU~~11,;)1~L~lULL'ii~:;1~~U Elru'V\llij 1U'V\U1EJ countlsec (LLnu 
q '1.1 

~\I) ~\lLL~~\llU1U 2.7 n11yJ~1111i11~UTId'L1EJni1 uOSL Decay Curve" 
'1.1 

,;)~LV;uL~i1n11yJ~L~,;)1nn11n1~~'U,~ El\l~\I TL LL~~ OSL ,xU';)~ii~1111 LL~n'ii1\1nU 
q 

Elci1\1LV;UL~i~ 1~EJn11yJ TL Glow Curve ,xu';)~ii~n1!l-rn:;dJu'YI1\1~~1EJ1~GJJ\lf111 LL~~ii 
,;)~~\I~~~El\ln11yJElciluozf1\1Elru'V\lliJ 280 DC -320 DC ~\lLtJu~n1!l-ru~LQ~1~~El\ln11yJ~L~,;)1n 
~ '1.1 ~ '1.1 q '1.1 

n11~11,;)1~Ldf1El1sf~,x'U,{1nn1~~u~1EJf1113JfElu ~1ulun1ru,~El\l OSL Decay Curve,xu
'1.1 'I 

n11yJ';)~ii~n1!l-rn~f1 ~1 EJ Lan1~ Lu~ L:a EJ ~W\l,tu~~ ~\li~ qJ1 rn,xu,;)~~~~\1 El ci1\111 ~ L111U 

ozf1\1 LL 1n~{1 n LL~\I n1~~U LL~~'ii El111,;)~~~ ~\li'1~\1 ';)un\llUozf1\1 L 1 ~11~L1~1'V\rt\l (L3h yhnu
'1.1 q 

;JUEl cinu LL'ii~~~1 El ci1\1) irunnru,xu,;)~L~iin11~~~\lfln
'1.1 <II <II 

http:www.geology.com
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-N 
Glow cUlve of sample no. n 5-2 

200 250 300 350 400 -260 

Temperature (c) -260 

111 2.6 TL Glow curve "lJeh'~1f)ci1~~:U ~:JJ1t1L~"lJ TT 5-2 LL~~~fl11:JJ~:JJ~'\.t1r1:;~11~m:JJ1rn 
~ ~ ... 

fl11:JJL,r:JJ,r'U,"lJf)~n11L1f)~LL~~ (Count/sec) LLn'U,~" LL~:;f)rn~115jn1:;~'U, (Degree)
'I ~ 'I 

-TT1-1
OSL Decay Curve 

10 -N 

0­
Q) -N 
(/) 8~ 
C 
:J 

-130 
0 
u 6x -130 
0 
0 
0 -130 

2;­
4 

-200 
(/) 

c 
Q) 2+-' -200 
C",

...J 
I­

0 
-200 

-260 

2900 - TT1-2 

0­ 2700 -TT2-1 
(IJ 
U) 

;:a -TT2-2 
c 2500::1 
0 
0 

-TT;~-1 

)( 
23000 

0 -TI3-2 
0 
!:. 
>, 2100- -TT4-1 
'iii 
c 
(1,) 

1900... c.,. 
..J 

-TT4-2 

-TTS-1 
(/) 

17000 -TT5-2 

"1500 - TT6-1 

-TT6-2 
0 2 4 6 8 10 

- TT6-3Exposure Time (Second) 

111 2.7 OSL Decay Curve "lJf)"~1f)cil,,~:urf"~:JJ~~1l13Jlrh~'U,~f)1tJ LL~~~fl11:JJLt3J~'U,TI 
~ ""' 'I 

1:;~11"m:JJ1rnfl113J L,J3J,J'U,"lJ fl"nl1L1th'ILL~" (Count/sec) LLnui" LL~:;1:; tJ:;L1fn1unl1n1:;~U
'I 

~1tJLL~" (Second) 
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~,,~1"d ~,,~ L11 ~El ,,~h f111 ~CJ~ Ell 'U, n11Tl1 ~ 'U,~ en rJ ~ El ib El ci1" L 1~ "'Ci) ~'Yl111Jl1 
q 

1J11J1maL~n~1El'U, (~tilrJ count/sec) ~L~,nnn11~11'Ci)1~~lrJLfI~El" RISO TUOSL 

Detector tf'U,~~lLYi rJ1JL~ rJ"L~n1Jfhn1J~'U,~fl1~1"ffl 'U, ~'ih rJ Gy L'Yhl~ 'Ci)1nfhfl11J~"n~11 
~.,,~~1~L11~El"~liiin11L~ Ell~1~1J1~"~1n1J3T'U,~flTVfl"ff~11J~ L11~El"n111~ rJiiin11~L11 
~11J11f1cyhL~ ~ El n11~1f1111J~1J~'U,TI1~~11"m1J1 mn1J~'U,~fl1~1"ff~~ El ci1'U,~lEl ci1" (Gy)

'U 

LL~~m1J1 maL~n~1El'U,~1~L~ (Count/sec) 1~ rJn11~f1"n11yJfll11J~1J~'U,TI~ L'1rJnl1 Growth 
a I A a"1 evA VI f( .d ev IV f( a I a I d 'I 

curve (JU 2.8"l1) LL~~L'YlrJUutyr;y~ b~1rJ1"fl L~El~lfll11J~1J~'U,lf (~Ju 2.8 u1~nEl1J) 6Jj"b'U, 

n11~11'Ci)1~1"ff"ll El" LL~~~n11yJtf'U, 1 'U,n1rn"ll El" TL 'Ci)~itrJ 1J1,r~1 ~"~~~1El Peak L~ El LlJ'U,
'U 	 q 

~1 LL'Yl 'U,"lI El" n11 yJ LL~ ~ ~ Li'U, J(1U 2.8) 1'U,"lI m~~ n1rn"ll El" OSL tf'U,"il ~it rJ 111,r~1 LU~ tJ"lI El" 
'U 

~ru ru1 m 1 'U,anl" 4-6 i 'U,Tn LL1n~~n"il1 n fI n LL~"n1~~'U, (11.1 2.7) ~"Lrl ElL~~1 LL'Yl '""lI El"n11 yJ LL~ 
CIICII 	 'U, 'U 

~~Li'U,LL~l L11n"il~~11J11fl ~f1"n11yJfll11J~3J~'U,TI1~~11"U11J1 m1,,~1'U,LLn'U,~" (~ti1 rJ Gy) 

~ L11'Yl111J El ci LL~l L~El""il1n L 11Tl1~'U,~ LL~~El1U1"ffLEl" LL~~f1111J ~""lI El" n11yJLajl1'Ci)~LlJ'U, TL 
'U 	 'U 

~1El OSL ~L~"il1nn11~11"ill~~lrJLfl~El"~El RISO TUOSL Detector ~"~lElth""lIEl"n11 
f11'U,1 mm~nm 1"~~lTI<il~"d 

3. 	 'it1~lElci1"lf1111"1f1~~lL~rJln'U,LUEl11J1"ff~L11'Yl111J~1 10 Gy LL~~1~U11J1m 
aL~n<il1El'U,L~ 200 ~1 

4. 	 Tl1~'U,~1~ N ~El ~lU11J1maL~n~1El'U,1'U,~lElth,,1'U,~tilrJ Gy ~"1~U11J1m 
aL~n~1El,"L~ 1 00 ~1 ~"tf'U, 

N+10 Gy =200 (count/sec) 	 (1 ) 

N 	 Gy =100 (count/sec)" (2) 

LrlEl'it1 (1) ~11~l£.J (2) L~11 
(N+ 10)/N =2 

.., 

~",r'U, N =10 Gy 
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(n) 

12000 

10000 

8000 

6000 

4000 

2000 

0 

200 

y =0.0636/ + 121 .84x 

R2 =0.9733 

250 300 350 20 40 60 80 

--l 
r 
S· 
CD 
:::J 
(/) 
;::;:
roO 
(/) 

() 
0 
C 
:::J 
<::!: 
(/) 

CD 
~ 

Temperature (C) Dose (Gy) 

111 2.8 (n) TL Glow curve LL~~h'Tl11:JJ~:JJ~'U,lf"lJeh'm:JJlmEh~n~rH)'"~ih)cil'U,~1Elcil~
~ ~ 

('V\'\.brJ count/sec) l'U,LL~~::1::~l1Elm'V\llij ~~1~i.~~lnL~~El~ RISO TUOSL Detector LL~:: 
'I ~ 

("lJ) Growth curve LL~~~~11:JJi:JJ~U,i1::'V\';h~ film:JJ1m~L~n~1El'U ('V\U1rJ count/sec) ~ij 
El cil'U,~1 El til~ LL~::m:JJl mn:JJiT'U,~1l1°v'rr~~~'Yrnl1fil (Gy) 
~ 

2.4. L't1AitAn1"lh::L3hn.l~3J1mn3JiJ,"Gl,.n'W-r\Ja (Dose Determination Technique) 

1'Ui1~~ U'U,L 'YI fl ii,~1'U, n11'V\1 ~11:JJ ~:JJ~'U,lf1::'V\ 11~ 11'1:JJ1 mn:JJ iT'U~ 1l1~1~~~ ~ El til 'U,
'I ~ 

~1El til~LL~::m3Jlm~ L~n~1El'U~1~i.~~lnLfl~El~~11~1~J'U,ij El ci~1 rJn'U 4 L 'YI~itfl ~El 
~ 

1. L't1AitA Additive dose 'VI~e:J First glow (Aitken, 1985) 

d~I'UL 'YI flitfl~li~1 El til~~1 El ~i1)113Janl ~~ ~n~i.~ 'ill i.11 Ell111~~~'YI1111~1 LL~11 'U, 

'V\U1rJ Gy L,r'U 30 Gy, 60 Gy, 90 Gy LL~:: 150 Gy LiI'U~'U (1t! 2.9n) ~lnJ'U, 'il1:JJ11~ 
~ 

11'13J 1 m ~ L~ n ~ 1 El 'U, ~ ij El ti 1'U ~1 El ti 1 ~ LL ~:: ~11 ~ n 11 ~ ~ 113J i 3J ~'U lf1:: 'V\ 11 ~ 11'1 ~J 1 m 
~ 

n3JiT'U,~1l1Yfr~~~~ El til'U,~1El til~ LL~::m3Jlm~L~n~1El'U~1~i.~~lnL~~El~ (111 2.9on) ~lntf'U 
~ ~ 

~~\t1~1Eltil~1)113Jan1~ (N) ~i'~i.~~lnL~~El~3J1LVi rJl1i1~~'11i.~1rJl~f1nl1n11~ Growth curve 

L~El'V\lm3Jlm1~~~ijEl tiL'U~1 El til~1'U,'V\U1 rJ Gy 
~ 

2. L't1AitA Partial bleach (Aitken, 1985) 


LiI'UL 'YIflii,fl~li~1 El ti1~fl1 El~'1f1)11:JJanl~~~n~i.~ LLu~LiI'U 2 "1f~ 1~ rJan~LL1n LLU~ ti El rJ 

'I 'I 

LU'Ua-1'U,) LL~::'illi.11Ell111~~~'YI1111~lLL~11'U'V\U1rJ Gy L,r'U 30 Gy, 60 Gy, 90 Gy LL~:: 150 

Gy (Natural+ A 1'U111 2.8n) a-1'Uan~~ ~El~ 'illL11 El111 LL~~ 2-3 i113J~ LL~::'illL11 El1111~~~~ ~ 'I 

'YI1111fi1LL~11'U'V\UlrJ Gy L,rU 30 Gy, 60 Gy, 90 Gy LL~:: 150 Gy (Partial+~ l'UJ11 2.10n) 

~1 n J'U 'ill ~1 El til~.tf~ ~El~an~Lt!i'~ t!'13Jl m~ L~ n ~ 1El U~ ij El cil 'U~1 El til~ LL~:: ~11 ~ n 11 ~ 
'I ~ 

fl113J ~3J~'Un1::'V\11~t!13J1 mn3J iT'U~1l1~1~~~ij El cilU~l El ti1~ LL~::m3Jl m~L~n~1ElU~1~L~ 
~ 

100 



19 

~lnL~~a\lv\1a~ Lir.mn11 n11~ Growth curve (1U 2.1 O~) 1~HJ"1)'~ LL1nL'V\~ a'U,ntl L 'Yl~it~ 
~ , 

Additive dose 1~ rJfll ED 1'U,'V\'\),1 rJ Gy ~1'U,1mi.~~ln1::rJ::v\l\11 'U,LL'U,lLLn'U,'U,a'U, (X) ~ln 

~~ ~~d::'V\11\1 LLn'U, ~\I LL~::LLn'U, 'U,a'U, ~'U,ii\l1::1'U,LL'U,1 LLn'U,'U,a'U,~n11~~\1 ~a\l L~'U, (n11~ Natural, 
LL~:: Partial) ~~n'U, (dU 2.1 On) 

~ 

3. LYlAitA Total bleach (Wintle LLGl~ Huntley, 1982) 

dj'U,L'Yl~il~~1i~l a rJl\1~l a ~&Jf1)d111"1)'1 ~~ ~n~L~ 'IllLU allJ LL~~ dJ'U,L1 ~1 a rJl\1tXa rJ 

6-8 ,r1111\1 6fi\lL~a111U~1\1L1~1 6 ,r1111\1LU,"~'U,i.u,x'U,iruunrn1'U,~1 a rJl\11)d111"1)'1~~::~~'Yl a'U,
QI QI 

~'U,ii\lfll~\lL'V\~a (Residual value, 10) LL~::i.aj~1111dt1~~'Yla'U,i.~n (Aitken, 1985) ~ln,x,"Ul 
I J • 

~1arJl\1.y;~,h'U,nldtlltJLL~~LL~1 i.UtlTLJf\l~.y;'Yldlt1fllLL~11 '"'V\U1 rJ Gy L~'U, 30 Gy, 60 Gy, 90 

Gy LL~:: 150 Gy dj'U,~'U, (1U 2.11n) ~ln,xu Ul1111~m1l1maL~nlildtl'U,~ijarJ1u~1arJl\1LL~::
~ ~ 

~11\1ndl~ ~113J ill vr'U, TId::'V\ 11"U1111 mn11 3TU1il1l1 'Vi 7\1 ~~ ij tl rJ1 '"~1 a rJl\1 LL~ ::U1111 m 
~ 

aL~nIil1a'U,~11ili.~~ln L~~tl\l (dU 2.11"lJ) 1~ rJL~undlW~::L~lI~'U,~lnfllfl\l L'V\~ a L ~lI;]UL~a rJ G) 
~ 

Iilll1i~Lt1U~alt1f\l~L~ntl~1 a rJl\1 ~ln,x'U,~"Ul~1arJl\11)1111"1)'1~ (N) ~11ili.~~lnL~~tl\l1l1 
L.y; rJtli1ruriT~i.lildrJl\1~n1Jn11~ Growth curve L~ a'V\lU1111 mf\l~~iia rJ1U~1 arJl\1LU'V\U1rJ 

QI QI ~ 

Gy 11il rJ ED iifllLrhntl1:: rJ::'Yll\11ULLtt1 LLntt UtlU~ tl\lfll iqJqJl m~l tl rJl\11)d111"1)'1~i.U~,"ii\l 

~1il~1il1::'Vdl\1 LLnU~\I LL~::LLn'U,UtlU (1U 2.11 n), ~ 

4. LYlAitA Regeneration (Takashima LLGl~ Honda, 1989) 

LU'U,L'Yl~it~~1i~1tlrJl\1~lalil&Jf1)1111"1)'1~~~n~i.~ Uli.UEltl~lrJtlrn'V\llij 320 OC LUU, ~ 

L 1 ~1 5 ,r1111 \I ~ \I L~ a11 ~1111 d t1 ~ tI ~1 \I i ru un rn~1 n ~1 a rJ 1 \11) d111 "1)' 1 ~ ~ Uii fl 1 L U U 0 
QI QI 

(Takashima LL~:: Honda, 1989) ~ln,xu Ul~1 a rJl\1~ ~lUnl1tltl LL~l i.Utllt1f\l~~'Yl11t1fil 
LL~11'U,'V\U1rJ Gy Lanu 30 Gy, 60 Gy, 90 Gy LL~:: 150 GYLU'U,~U (1U 2.12n) ~ln,xu 'Ill:lJl 

~ 

11il U1111 rna L~ n 1il1 a U ~ ii a rJ1 u~1 tl rJl \I LL~:: ~11 \I n11 ~ ~ 1111 ill vruTI1::v\ 11 \I U1:lJl m 
~ 

n:lJ3TUIil1l1'Vif\l~~ij a ti1 U~1 tl til \I LL~::U1111 rna L~n1il1tlU~1~i.~~lnL~~tl\l (1U 2.12~) 11il rJ 
~ ~ 

L~undlW~::L~lI~U~lnfll 0 (~1il~1il1::'V\11\1 LLnU~\lLL~::LLntt 'U,au) L ~l1;]"U~tl rJ G) Iilll1i~Lt1U~, 
al1Jf\l~1,xnlJ~1arJl\1 ~ln,xU~\lUl~ltl til\11)d111"1)'1~ (N) LL~::~l a rJl\1~ ~1'U,nl1tllt1LL~1il (10) 

~11ili.~~lnL~~a\l1l1L'YirJtliJruru'1iLIil1rJl\1~ntlndlW Growth curve L~eJ'V\lm1l1rnf\l~~ijElti1 'U,
QI QI ~ 

~1arJl\11uV\ti1rJ Gy 
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(1) Natural 11 
Ji':l'1lth.:!nUI'II1;J 

(Natural) 

(2) Natural 

I '~~ 
/~.­

/N+4!3 
~ 
i 
.i s 

i~,;:t 
;: 

(CIlJ) Growth curve of Additive dose method 

-1SO -100 -so so 100 1SO 
Dose (Gy) 

1U 2.9 (n) LL~U1l1~1n-nl1u1~Liju~h Equivalent dose ~1rJL'Yl~it~ Additive dose 'VI1fl First glows ("1J) Growth curve LLf{<il"1n-nl1u1~LijUTh
'U 

Equivalent dose ~1rJL'Yl~it~ Additive dose (Aitken, 1985) 
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Growth curve of Partial bleach method 

:.: :-::.: :.: :-=::~~;: :.::;: :.::::.:.:::.:.:.:::::;::::I f~ 
-150 -100 -50 50 100 

.',~ 
~ 
Q;l~'l'Elf.h-lfiTnJ"1!1~ 

,}~ 
;!.~ (1) Partial (Natural) 
~ 
e;: 
C 

acs:;(2) Partial 

fl11.JLL~~ 2-3 {'lUJ-l 


N =Natural 

N+4P/~ 
N+2P/ 

r 
ri(3) Partial t;j 

Do... (Gy) 

~~ 
IT

(4) Partial ~ 
e;: 

Natural (N) 

fl11.JLL~1'I 24 {'ltlJ-l 

(on) 

(1) Natural 

(2) Natural 

(3) Natural o 
...J 
~ 

1U 2.10 (n) LL~U1l1y.jiTIn11'lh::dh.J,fi1 Equivalent dose ~1£.JL'YlflUfi Partial bleach (an) Growth curve LL~~~1n-n111.h::L5jufi1 Equivalent dose ~1£.J 
'U 

L'YlflUfi Partial bleach (Aitken, 1985) 

150 
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1U 2.11 (n) LL~'\..b111~in-n11U1::Lijufi1 Equivalent dose ~1£.JL'Ylflu'fl Total bleach elJ) Growth curve LL~~'h1in-n11U1::Lij'\..bfi1 Equivalent dose ~1£.J 
'lI 

L'YlflU,fl Total bleach (Wintle LL~:: Huntley, 1982) 

('YJ) 
1200 

100:> 

lEO) 
~ 
i 600 

j 
.Ii 

~400 

200 

Growth curve of Total bleach method 

10 =Total bleach 

= Residual 

40 00 100 120Oo"'~GY)20 
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(~) Growth curve of Regeneration method 

1200 

1(0) 

III 800 /0
§ 

600 H.213i 
JI 
£ 400 ... 

200 
H= Regeneration 

20 40 60 80 100 120 
Dote (Gy) 

11,j 2.12 (n) LLt:-JU1l1~iTInl11h::Liju~h Equivalent dose ~ltJL'Y1f1ilf1 Regeneration en) Growth curve LL~<ih11n-nl1U1::Liju~h Equivalent dose ~ltJ 
'U 

L'Y1~il~ Regeneration (Takashima LL~:: Honda, 1989) 
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.c(• 
UYlYI 3 


n1~t@l~tl3J~del U1\J ua~U~~tjj"e1@l~1n1~U~~\J ~ (Sample 


Preparation and Annual Dose Determination) 


1u,n11Ln1J~1 tl r.h"~~L~ tl1l1111fh~u,~tl1lJ~1lJln- TL LL!;'l:; OSL Lt1~11J~u,~~nM1
~ q 

U1U,'Yi"~nttu, ~-:illJi.~'Yhn11Ln1J~1 tl ci1"~~111yf~~U, 6 ntlu, 1~ lJ~ ~"~ln~1l1~1uci1"~~ 
q 'U ~ ~ 

111 rr",xu" 11 ii u~ n11LL~1 ttu ~1 -:illJ i.~'Yi1 n11"lJ ~ ~ 1~U1"lJ u~ ~1 u ci1~ tl tl n 111:;111 m 0.5 
OIJ 'U 'U 

L6]fU,~ L11~1 L~ tli] tl"nu,~~i.t1u,"lJ tl~ ~1~1 eJ ci1~~ i1Jtr~LL~" u ciL~3J LL~1,r1J~" LL~~nl1~~ LL~" 
~ 'U q 

LL~~~1'lJ11m~~LL~1ttu, LiT11J111:;11u, 1~ lJlu,n1:;1J1u,n11n11L~1lJ1J~1eJ ci1~er1~~~~lnln-n11 


L~1lJ1J~1tlci1~L~ul'V\i.~LL1~1tl~6Jf1J1~'YlR ~l3JLL1J'lJ"lJeJ" Takashima LL!;'l:; Honda (1989) ~" 

q 

LL~~~1u,111 3.1 
'U 

... .... I 

n1"iU,"HJlIGl1tltJ1" n1"~1 Annual dose 

(30-100 n1aJ) 

~, - ;,!~, -::~- " ~ ~~ : --------­ .-~ 7 ~ - - , ­ -r--:- ---~ . ~ -~ -: < ~ ,~ - - ~ 

1 

., 
:":".'. 1 
. • 1 

n1JaT~<il-r\J~ U, Th LL~: K . : 
I "', I 
i ,~.:" ,'~ . I 

1 I 

l~~~~ _ :~ _________ ~~ ____ ~ __ ~ ____ ~_~ ________ ~! 

~1~~lEJJ1LL~::n~~ltJn1~ 
HCI l.h::aJ1cu, 30 u1fi 

AD 

n~~lEJnWl HF. HCI 

l.h::aJ1cu, 30 u1fi LL~::~1~J1 

En ~ =Equivalent dose 

Annual dose 

111 3.1 LLt:-IU,llijLL~""n1:;1J1Un1111nU~~1u,nl1L~1lJ1J ~,;ltl ci1~ L~ eJn111 L~11:;~LL!;'l:;fh'V\u,~
'U 'U OIJ 

tl1lJ~1lJln-TL LL!;'l:; OSL (Takashima LL!;'l:; Honda, 1989)
'I 
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,nn·aJ 3.1 LL~~h'l1~LV;\r~hlu),ru~ eJUnldL~1rJ3J~leJ Vl\1-tt\UtJUnTn~1rJ3J~leJV1\1L~ a 
'II 

"b\h.JiLfldl:;~ 2 ~lU ~a 1) iLfldl:;~eJ~dlnldLL~1\1~~atJ (Annual dose, AD) LL~:; 2) 

i Lf1dl:;~~hU13Jl rn~ryqprnnldL1eJ\I LL~\I'VI1aU13J1 rn1\1~~~:; ~3J eJ ~1U~l a Vl\1 (Equivalent 

dose, ED) 

3.1. n1"LGl~u3JGl1f)th\JL.r:f)~hfl"1~~5Gl"1n,.nu.j-i\JiGif)t1 (AD Preparation) 

1. 'yhl~~leJV1\1ij"1.lu1~L~n~\I l~rJ~~~ln~l\1~lrJLf1~a\l~~~ULLU\laandJu 2 ~lU~\I 
LL~~\llUdU 3.2 

'II 

2. ,nn-ttu'\.i1~1 a Vl\1~LLU\li.i 1 ~lU3Jl eJul~LL~\I~ eJ rn'VIllii 50-60 a\l~lL6Jf~L:nrJ~ 
'I 'II 

LL~::LLU\I~lfl Vl"~lU'VIrt" ,,1.1LU'VIlm3Jlrnfl113J~U1U~l fl Vl\1-ttU (Water content) 

3. U~~lflVl\1~LL~\lLLLtlLUl '] ~lrJ~ldnLaj LL~:;ieJu~lu~:;LLnd\lLUflf 20 Mesh 'VI1fl < 

0.85 ii~~L3J~d) 1Um3Jlrn 250-300 n13J 1~lllanu:;~~l ~~nLL~:;iJ~1~LL'\.iu (dU 3.2) diuLi~ 
'II 

flm'VIllii~fl\lUd:;3Jl rn 1 L~ flU L ~ fl1~Lfi~nld~3J~ ~1U~l fl Vl\1 ri flU ~'ij):;ttlLU1~ LL~:;i Lfldl:;~
'1'11'1 
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Q...o I 

Gl'J D tJ1\1 (ED Preparation) 

1unTa~1tJ 3J ~1 EJ cil~ Lyj EJi Lfl11:~~lU13JlmiUHUl mnl1L1EJ~ LL~~~ ~:~3J EJ cil U 
'" '" 'U 

• ClJ Q..,# '" I . .c:t..... I A ....,Q..,# AI" 

~1 EJ FJl~ ~ ~ EJ ~ n1:lJl Unl1UlJ ~~ LL~ L13J ~ nl1 L~1 FJ 3J ~1 EJ tJl~,;) U f:I~ n1:lJ1U nl1~11,;)1 ~ 

iqJqJlm,;)ln~1EJcil~,xU ~lLiJU~EJ~yh1U~EJ~~~ (Red subdue room) Lyj EJU El~nUnl1~qJ L~tJ 
iruun maULrtEJ~3Jl,;)ln LL~~~n1:~U 1~ tJlui,"~ EJUnl1L~1tJ3J~1 EJ cil~d~1~f:lU1:~~~Lyj EJ 

'" '" 'I 'I 

~n~LUvn:Ldfl1 EJ~i ~~ittJ3JliL1JULLi~1LL 'YlU1Unl1nl'V\U~ EJl tJrf~~1 tJiTI TL LL~: OSL 
'I 

(Aitken, 1985) 11FJ~:L~tJ~n11L<il1FJ3J~1EJcil~luLL~~:iU~Elu,xu ~1UL~ ~~d (1tJ 3.1)
'I 'U 

1. 'Ill~1EJcil~ti1u~~EJ~nl1';):'Il13JliLfl11:~m3Jlmirurulrunl1L1EJ~LL~~LUU~~1tJ
'" '" 

fl1nL3J LL~1iEJut.hu<il:LLn1~LlJEJf 60 Mesh ("Ul~ 250 L3J1f11L3J<il1) LL~:~1~lJU~:LLn1~LUEJf 
\11 d'l .... CV.J'u:.CV\1C11 d

200 Mesh ("Ul~ 74 L3J fl1L3J~1) 'D'~ LU~lU1';)tJU t-l1';)tJ L~EJEJnLL1JlJnl1'Yl~~EJ~L'WEJ'Yl~~EJlJ 
'U 

lh:~'Yln-Ill~"EJ~nl1nTV\U~EJltJ~;)~1tJiTI TL LL~: OSL 1~tJ,;)ln1u 3.3 ';):i~Ln~L~EJcil~
'I "" 'U 

i~L,;)U':h 'V\~~,;)ln~L~~nl1~1f1~~~1EJcil~fl;) ~~;)'V\~ltJnEJU~LL~~~~nMru:"EJ~~~LL~n~l~ 
"" oU 

nu1:v\':h~" EJlJUEJn" El~~;)LL~:tilUIll tJ1W'lJ EJ~~;)
oU oU 

~~,xum~tJ~~L~LL1.i~ ci EJ tJ~;)~ L'V\ ~ EJ'V\ ~~ ~ nflf~ LtJ Uti1 UUEJ n LL~ :ti1U1U L yj EJ flnMl 
'U "" 

~nMrn:" EJ~iUJrulrunl1L1EJ~ LL~~ LL~:t-l~" EJ~ EJl tJ~L~,;)lnnl1nl'V\u~ EJltJ~1 tJiTI TL LL~: 
'" '" 'I 'I 

OSL ~~t-l~"EJ~EJltJLL~:~nMrn:irurulrn ,;):LiJu~1ti~~ilti1ul~"EJ~~;)~lh:~'Yln-IlTr~lunl1 
'I '" '" "" 

nl'V\U~EJl tJ3Jln~~~ 1~tJ'V\~~,;)ln~iinl1LLu~~1 EJ cil~~;)~~ 6 rfEJU ~1 El cil~'V\1EJn1rnflnMl~ 
'I 'I oU 

L~~1'V\i'lJnl1i Lfl11:~ThU13Jl ruirurulrnnl1L1EJ~LL~~~ ~:~3Jfl cilU~1 EJ cil~,xU ~~~iu 14 
'" ..., 'U 

~1EJcil~ 13 ~1EJcil~ ~~LL~~h'llU~111~ 3.1 

2. 'Ill~1EJcil~,;}ln"nEJ 1 3Jl~1~~1tJJlnku1.h:3Jlm 10 flf~ ,;)In,xun~~1£Jn1~Ltl1~1 
fl~EJ1n (Hel) fl113JL,J3J,]U 50 % dJUL1~1 30 Ull1 1~tJltii.lluLfl~EJ~au~1EJcil~ (water

'I 

bath) Lyj EJd~U~n1£Jl 'V\~~,;)ln,xUL'Yln1~'Yf~ LL~1~l\1~1 FJJln kuanU1:3Jlm 10 flf~ rf~Unl1 
n~~1 EJ cil~~1 tJn1~ Hel ,xeu, ijl<ilf:lU1:~\I~L~ EJnl'V\U~nl1UULfl flU" EJ~ L~M~U'Yl1tJl~nl~ 

'I 'I 

EJl';}';):ij~n~1~'V\1EJUeu,LtiEJUnlJ~1 EJ rh~ 
3. ,;)In,xu'Ill~1EJcil\1 (ltileu,n1tJ'W~1~~n) 3Jln~~1tJn1~n~LLn1 (HF) ~fl113JL,J3J,yU 

24 % LtJUL1~l 30 Ull1 LyjEJ~~l£JLdL~~~~lhf 1~£Jltii.lluLfl~EJ~au~1EJcil~ ,;}In,xeu,L'Yln1~
. 'I 

'Yf\l LL~:~1~~1tJJlanU1:3Jlrn 10 flf~ 
4. L~3Jn1~ Ln~ EJ (Hel) anflf\l ~1 LitUnl1<il13JiU<il ElUL'V\!j EJU,]EJ 2 ~EJ,;)ln,xuEllJl~ 

LL~~CilltJEJrn'V\Iliji.3JLliu 60 EJ~~lL6Jl~LsnFJ~ 
'I 'U 
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(;)1f)U1\15~jTlI"1marl1," n1'W(;)~~11\1n1u1,"nf),"5~
~ ~ 

~'H)cil\1fli,nnlu:i1ru,Lirn'U,'V\1JlrJL~an 1 (1~Li~1E1cil\1 n 1) 
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~') fl U1" D~lU,.1 m~111'" 111'W ~~en,)1"111 tl1unflUD~ 
~ ~ 

~lf)cil~D~~lnl1JdlmtnlT"Vl3Jlt1L~~ 6 (1ii;1'ilf)cil~ n 4) 

1U 3.3 nl1L~11t13J~1 f) cil~D;jLL~~111~~~"lJl1~111 tilU"lJf)~nf)UD;jLLi;1'~~1~L~Ufl113JLL~n~h~ 
~ ~ ~ 

"lJ f)~~111 tilunf)UD;j 
~ 
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o ~ 

fl1 iHi1J1 tI 

TT1-1 

TT1-2 

TT2-1 

TT2-2 

TT3-1 

TT3-2 

TT4-1 

TT4-2 

TT5-1 

TT5-2 

TT6-1 

TT6-2 

TT6-3 

5. tll~1 fl cil~~ LL ~~ ~it'YlLL~1i.u LLtln LL11J~fhtfl fln~1 tI Lfl~fl~LLtln LLaj L'V\ ~n Isodynamic 

magnetic separator 1~tlt:.hun1::LL~i.yJv:Jl"lJU1~ 1.4 LLfl3JLLUf m ~fl11aJLatl~u1::aJlm 25 

fl~~l (~U 3.4) ~~ L~ fl t:·hun1::U1unl1LLtln LL1aJ~fiu~~nGh1 LL~1~1 fl cil~ Gi1uL'V\qjn';l::L'V\~ fl 
.,. Itt... ~ .... I ~.,. .... I .::l A tt .... 

L~ tI~ LL1fl1 fl6])'~U1~'Ylli LL~::'V\ ~~';lln t:,nUn1::U1Unl1'Yl~nl1L~1t1 3J~1 fl tll~ L~ fl1 Lfl11::'V\ fl~11 
'I 

nl1LL~1~;~flULL~::nl1L~1t1aJ~1 fl cil~ L~ fliLfl11::~~hm3Jl m~rurul mnl1L1fl~ LL~~~ ~::~aJ fl ci 
~ ~ ~ 

LU~1flcil~LL~1';l::i.~~1flcil~1.h::nflui.u~1t1 3 Gi1U ~fl 

Gi1U~ 1 ~1 flcil~~1'V\1Ul~~hu1aJlmfl111J L ,JaJiu"lJ fl~lil~1113J3TU~1~;LU~1 fl cil~ 
'I 

Lantt tlL1LU~aJ, 'YlflL1t1aJ LL~::luLL~~L:n~aJ L~flf\iu1m~hrJ~11nl1LLt:.l1~;~flU"lJfl~ 
~ 

lil~naJaJU~1~;~iiflciLUU1L1m1fllJ,Jl~ (Annual Dose) 
'I ~ 

Gi1U~ 2 ~fl ~hm3Jlmfl113J:A'uLtt~1tl cil~ ~~LiU1::n flunl1f\ltt1mel~11nl1LLt:.l 
1~i~ flU11aJnumaJlmfl113JL,J3J,Jtt"lJ fl~lil~ tiL1LUtlaJ I 'Yl fl L1t13J LLfl::luLL~~L:n~aJ 

'I~ 

Gi1U~ 3 ~fl ~1flcil~fl1tl~iU1~'Ylf ~1'V\1utlli.ul~~hm3Jlm1~i'V\1fl~hu1aJlm 
'I 
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. 

I A. A A • 

(n) LfI~El~ Isodynamic magnetic separator ("1J) L~'MLL13J~'YlU 'Yl Lv\ ~ El~lnnl1LLtlnLL1 

1U 3.4 ElUn1rnLL~~L~'MLd3J ~fiu~Lv\ ~ El~lnn1~lnunl1LLtJn LL'ilU~U<iI ElUnl1L<il1rJ 3J~1 El rh~ 
'lI 'I 

L~El,;tli,ui Lfl11~~~lm3Jl rnirurulrnnl1L1El~ LLff~~ff~ff3JElrnU~1Elcil~ 
CII CII 'lI 

3.3. n1 "i(;1 "i~ ';) -)(9l t.I~3J1 mfl ~13J L:n3J:n"~ il" fi1 Gl n3J iJ"Gl1l1 'n -r" ~1 'UlGl~ u ~1" 
'I 

(Measurement of the Radioactive Element Concentration) 

1Unl1~Tu,1mer<il11nl1LL~n3J:JJU<il1l1~1~~1u1)113Janl~1<i1 rJ LU~1~ El cil~ii~1ui'u~u 
1)l<i1n3J:JJU<il1~~~~1~ru i.~LLri 1)l<i1rJL1LitrJ3J ( U). 'YlElL1rJ3J (Th) L~~luLL<ilffL6firJ3J (K) (1U 3.5)

'I CII 'I'll 'lI 

~~rf~ 3 1)l<i1d'~~ff~lrJ~1<i113JV\tnnl1"1JEl~f11~~i<il (Half-Life) "1JEl~1)l<i1LL~~~~1 LL~~lu1~V\';h~
'I 'I 

nl1ff~1 rJ ~1~ ~ LL~ LL~1~ ~El El n 3Jl1 UU13Jl rn~l~ 6) flU 1 U 1U"lJ El~1~ ~LLEl ~'Y\h L1J <ill LL~~ 
'lI 

LLn3J3Jl uEln~lnd[j'~ij1~~1Jl~r;i1u~i.~1u~lnUElnl~n L,jU 1~~f1Elffijn LL~dJur;i1U,"ElrJ 
V\t~~ln L<il1rJ3J~1 El cil~L1rJU1El rJLL~1 1U~U<iI ElUnl1i Lfl11~~er<il11nl1LL~1~~~ Eli.! ~El~ 

'111~1 El cil~~i.<illui Lfl11~~L~ El ~lU1 rnv\lm3Jlmfl113J L,J3J,JU"1J El~1)l<i1fl~J :JJU<il1l1~1~~~1~ 6)
'I 

~n ~113JllU,rl~ ~U~ij El cil U~U ~1 rJin'Yll~ L'Yl fI itfl ~1~ 6) L,jU in Neutron Activation 
'lI 

Analysis (NAA). in Gamma Spectrometry v\1El in Inductively coupled plasma mass 

spectroscopy (ICP-MS) 1<iI rJ ~~~t ~TI~i.~"1J El~1)1 <iI tl L1LitrJ 3J LL~~'Yl El L1rJ 3J ijV\ '"1 tl f1113J Lon3Jonu 
'I'll 

LiJu ppm r;i1U1)l<i11ULL<ilffL6fitl3Jijv\U1tlfl113JLon3J,JuLiJU 0/0 
'I 

1ur;i1U"1J El~~lui~tld i.~L~ Eln1annl1v\lm3Jl rnfl113J Lon3J,JU"1J El~1)l<i1n3J :JJU<il1l1~1~~ 
'I 

lU~1Elcil~~1tlin Gamma Spectrometry l<i1tllanLfI~El~~lnIl1f1ianl1)1nti'YlrJl f1rn~ 

i'Yl rJl~lff<ilf ~Wl ~~n1rn3Jv\li'Yl tlltrJ (1U 3.6) l<i1 tllULL~~~~1El cil~'Yllnl11<i1~lm3Jlrn1~~ 
'I 'lI 

lanL1~l 2 1'1,1, LL~~L~Elfl1unlv\U<ilLL~1 ~~~i.~~~LlJun11Yh~V\':h~tl13Jlrnn3J:JJu<il1~~ LL~~ 
1.. I.. I d ... IS" '" d ~ .. I ...

1~rJ~L1~1 (1lJ 3.7) 6Jf~~lnnl11Lfl11~v\<il1tl lJ1LLn13J Akwin "1JEl~Lfl1El~3JEl ~~nl1lJ1~L3JU 
'lI 

1)l<i1rJL1LitrJ3J ( U). 'YlElL1rJ3J (Th) LL~~lULL<ilffL6fitl3J (K) LLff<il~lU<ill11~ 3.2 
'I'll 
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1U 3.5 LL1J1J,jlt'1El\lLL~~h'l1l1~n:JJiTu~lll~1"~~1" 'J ~~"l!-Jt'I~Ele1~1lnl1LL~1";~EltJ L,jl"ulu 
~ ~ 

~1Eltil"a~~~El"nl1U1:LijUEllrJ~"HJ1TI TL 'V\1El OSL 
~ ~ 

(n) ("llj 

1000 2000 3000 4000 keY 

(J) 

C 
::J 
o 
U 
I+­
o 
m 
.0 
E 
::J 
Z 

Gamma Ray Energy 

1U 3.6 (n) LfI~El" Gamma Spectrometry ~lllf1i"l5l1l1mi'Y1rJl flm:l'Y1rJl~l~~f ';)Wlt'1\1n1ru 
~ ~ 

:JJ'V\11'Yl rJl~tI ~,,1unl1~11,;)1~nn:JJl mlll~n:JJ iTu~1,,;1U<il1El til\! ("ll) ~1 tJ til\!n1lv.J LL~~\! 
~ 

m:JJlmlll~n:JJiTu~1,,;lu<il1tJtil,,~i.~,;)lnLfI~El\!Gamma Spectrometry 
~ 
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Spectrometry 



33 

nT'nL~1'1~~ tllJ"lJ a'l LL~~:;~1 a cil\1 

ev I 

Gl'HHJ1\J U (ppm) Th (ppm) K (%) '" A'l1i1Jih~ (%) 

TI1 9.43±0.23 2.2 2.95±0.1 3.52 

TI2 11.66±0.22 64.41±1.99 3±0.09 4.57 

TI3 19.3±0.27 77.2±2.16 4.07±0.1 0.62 
~ 

TI4 4.94±0.19 29.96±1.5 2.14±0.09 5.38 

TI5 9.98±0.18 59.37±1.93 3.07±0.08 9.38 

TI6 6.27±0.16 33.32±1.26 2.39±0.08 4.70 

.... tfev lev ~ I iJ
3.4. nT)'lLA"i1~'·HHYl"i1nT'nL~"i\Ji.1Gltl (Annual Dose Determination) 

~~'I~lni.~~lm1Jlrnfl111J L,J1J,JU"lJ a\ll)l~ £.JL1Litr.J1J (U), 'YlaL1£.J1J (Th) LL~:;l1hL~ 
'I'll 

~L5fltl1J (K) ~'ILL~~'Iltt~111'1 3.1 LL~1~ln,rtt ~'Irhnl1LLtI~'I~1~i.~~lnnl11~LtJWV\'l,i1t1~L11 
~El'lnl1 ~El~t.t1t1Ln16 (Gy) 1~£.J1,r~111'11Jl~1~ltt"lJtl'l Bell (1979) ~'ILL~~'Iltt~111\1 3.3 

...... ...... tf I ...... ............ ...... .". I A 


~111\1 3.3 ~111\1fl111J~1J~U1)1:;~11\1L"lJ1I"lJU"lJa'l1)1~n1JlItt~1'1~ (~U1£.J ppm ~1tl %) LL~:; 
'I 

5~11nl1LL~1\1~~ElU (~'\.b£.J ~Gy ~tllJ) (Bell, 1979) 

"" "" 'lfUtvl radionuclidetl"fl1A A'l1i1JLtliIJ'lI"• 
LLtl~cW1 LUGl1 un iIJ ilJ1 

232 
Thorium series 1 ppm Th 738 28.6 51.4 

238 
Uranium series 1 ppm U 2783 146.2 114.8 

Natural potassium 1% K 830.3 249.2 

Natural rubidium 100 ppm Rb 46.4 

~lnfh AD ~i.~ii'l,ftt~aud LtJtt~15~11nl1LL~1\1~~ auttt'Yll\1tl~1Jfl~ ~1tlLtJU~1~ 
'I 

i.~ 100% 1~ £.J~i.3Ji.~1'lJ ~~n1:;'Yl'lJ~'ILtJU~1 L~~1Y;Ln~nl1~~'YlflU"lJ El'l ~runJ1rnLL~ a cil\11~ LL~ 
'I QI QI 

1tt'Yll'1tJ1iU~~lL~~"lJtl'lnl1~~'Yl att"lJEl'l5~11nl1LL~1'1~,rttij El ci~~l £.Jir~~£.J~1 tlntt LGJiu nl1 
~ 'I 'U 

I I 
...... ...... A ~ ...... A 

~ ~ 'Yl El U"lJ El'l ~llJ llJl rutl ttL tt tl 'IlIl~l n"lJ ttl ~"lJ a'l L11 ~ ~:; n El tt LL~ :;nl1~ ~'Yl El UEl ttL ttEl\l1Jl~l n 
QI QI 

m1l1rnJ1v\1tlfl111J:5tt~ij tl ci1tt~U1tt1)11:JJ"1fl~ Liju~tt
'U 
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Lrttl\l,nntlU111f1~1\1 6) ~dJU~1n1~~uaL~n~1tlU i.~LLri tlU111f1 LLtl~Vh LlJ~1 
'I 'I 'I 

LLn3J3J1 ~\I1ULL~~~tlU111f1ttuij~n1Yrn~LL~~flrn~3JlJ'1in11'Yl~~'Yl~~1\1i.1iLrl1nu ~\l1tJ 3.8 1~ [J
'I 'I 'I 'U 

1un1 m'lJ tl\l ~U tlU111 fI LLn3J 3J1 ijfl113J ~13J11f11Un11'Yl~~'Yl~~1\1i.~ri\l 30 L6JfU~ L3J ~1 Lt1U 
'I 'I 

tlU111f1 LlJ~1ijfl11~~1~11f11Un11'Yl~~'Yl~~1\1L~i.U1~[J~ 3 L6}fU~L3J ~11U'lJrn~~ tlUTl1f1 LLtl~vh 
'I 'I 'I 

1V 1V 

ijfl11 ~ ~1 ~11f11Un11'Yl~~'Yl~~1\1 L~ [J\I 0.3 ii ~ ~ L3J~1L rhuu ~\lUUvnnvhn1rn1 LU Yn~ 
'I 

~\I LL1~ ~tl~lU 1:: [J::1f1ij 30 L6JfU~ L:lJ ~1 1~ [Jij ~1 tl ci1\1 Lilu';)~ ~urrn ~1\1 tlUTl1f1 LLn~3J1';)~ij
'I 'U 'I 

th::~'YlRTl1~n11'Yl::~'Yl~~1\1i.~ 1000/0 ,;)1n~~1u1rni.~U~tlU~U 1U'lJrn~YitlUTl1f1LlJ~1LL~~ 
'I 'I 

LLtl~vJ1 fin ~~'Yl tlUi.1J ~13J'lJU1ICil'lJ tl\lL3J~ ~::n tlU~ tl ciLU~\I LL1~ ~tl3Jttu ~\I Aitken (1985) i.~ 
'U 'U 

tt1L~Utle)~11n11~~'Yl tlU'lJtl\l tlUTl1f1 L1J~1 LL~~LLtlvJ1~ Li3J~u1fn1J'lJU1~'lJ tl\l L3J~~::ntlUi.l~\l11J 
'I 'U 

3.9 LL~:: 3.10 

alpha radiation 

clay 

matrix 


-S.,m 
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Diameter of grain '(pm) 

10 20 30 1IJ 

0-,8 (}9 

L 

0-6 

200 400 600 800 1000 
Oiameter of grain (jLm) 

8 I cv 1 8.1 .d cv cv (i'
7u 3.9 E1~71n17~~'YlEl'U,fl113JLi13J17f1 'U,n17'Yl:;~:;'Yl:;~1-\1 1JEI-\lEI'U,1l1flLLEI~Y'i1 (K) '1l-\lLi3JW'U,ll 
~ ~ 

cv ~ 

n1J1J'U,1~1JEI-\lL1J~~:;nEl'U, (Aitken, 1985) 

1I}I'U16\~~n'il'U (urn) 

20 _M> 

K 

81 cv , .d cv cv (i'cv

"ju 3.10 EI ~d1n17~ ~'Yl E1'U,fl113J Li13J17f1 L'U,n17'Yl:;~:;'Yl :;~1-\11J E1-\1 E1'U,1l1fl L1J ~1 (8) 'If-\l Li3JV'4'U,llnu 
~ ~ 

1J'U,1~1JEI-\lLij~~:;nEl'\.t (Aitken, 1985) 
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'U,an,;)lnnl1~~'Y1 aUfl113J ~13Jl1n1unl1n1~ci(u5uL{ia'l 3Jl,;)ln~l L'V\~"lI a'l"llUl~ 
'I 'I 

~~naULL~1 rT'Iiji1';)~tJ~~lf1ru~nacil'1 f1 a fl1l3J;1u 'V\1am3Jlm"ll a'l,rl~ijtlcilU~1tl cil'1&iul U 
CII '\I 

1f113J"1fl&i ~'Iijll1~~'YITIfll~nl1~~'Yl tlU~ LL~n~l'1nU1ULL~~~tlUfllf1 (LLtl~'V'h 500/0, LlJ~l 
'I 

25% LL~~LLn3J3Jl 14 0/0) L,jUL~tJ1nu (~1tJ 3.11 tJ1~nalJ)
'\1'\1 

(A) 

~'I~U ~1tJ~3Jnl1n11~lU1 m5~1lnl1LL~1'1i~ au ('V\'U,1 tJ mGy) 5UL'titl'l 3Jl,;)ln 
'I 

fl1l3J L ,J3J,J'U,"lI a'l 1fl~ n 3J~U~f1l'V-41'1i~~ a cll ,"&i'U,LL~~fl1l3J L,J3J,JU"lI a'lfl1l3J:fiU"lI tl" ~1 tl til 'I 
'I '\I 

VI ... ""' ..r 
~13Jl1nLL~~" L~ ~"U 

DLLa~'V'h =K(2.783U+O.783 Th) I (1+1.50W), 


DLlJ~l =B(O.1462U+O.0286Th+0.8303K) I (1 +1.25W), 


DLLn3J3Jl =(0.1148U+0.0514Th+O.2492K) I (1 +1.14W), LL~~ 


Dfla~nn =nl'V\,"~1,xLuufh1.h~3Jlmfl'l~ LrhnlJ 0.15 


1~ tJnl'V\,"~1,x 

J" I ..... " .. 1 .. IK LL~~ B "lI'lu)tJnlJ"lI,"l~"lItl'lL3J~~~nau (~1u 3.1 0 LL~~ 3.11 u1~nalJ)
'\I '\J'\J 

W f1 El m3JlmJl'V\1Elfl1l3J;ffu~~ LUU1tl tJ~~~a cilU,jEl"il'1~El"~~n El'U,&iu 
'\I 
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• ~ 
UYIYI 4 

n1-:itJ-:i~ Ljj"tJ~3J1 rn~\J ~L"<Pl'J f) ~1\J (Equivalent Dose Determination) 

4.1. n1,.t.I~lJLYh.llJnT'iil1lJ~\Ja (Calibration of Radioactive Source) 

~lJL~th',;)ln1un1~lJ1un11u1~Lijuu1:lJlm1\1fflU~1B cil\1,xU i.1J~1:lJ111:l~11';)1~1\1~ 
i.ffi~ [.J ~1\1 LL~~~1 LtlU~B\I~ n11BllJ1\1ff~1Bci1\1 L vl B'Yi1n11u1U L fi [.JlJfl11:lJ i:lJ~UTI1~'Vd1\1~1 
fl11:lJL,r:lJ"lJB\ln11L1B\lLL~\I (count/sec) LL~~U1:lJ1m1\1ff~~Bci (Gy) ~\llun1m"lJB\lLfl~B\I. ~ 

~11,;)1~m:lJlm1\1ff RISO TUOSL ~1l1fli~11i1mi'YI[.J1 flm~i'YI[J1~'I1~~f,xu ~1:lJ11rlBllJ 
1\1ffi.~1u'V\ti.1 [J"lJ B\lfl11:lJU1U"lJ B\lnl1B1lJ1\1~ (iU1Yl) Bcil\1i.1n~1:lJL liB\I,;)ln1un11nl'V\U~ 

B1[J~B\ln11n11BllJ1\1~1U'V\U1[.J"IJB\I Gy ~\I~n~11"'l.hL~1l",rl\1~," ~\I,x,"1,"\ll,"i~[Jii Ti B,"~ 
~ 

';)~ijnl1~11,;)1~U1:lJlm1\1ffl,"~1Bcil\1~\I~1LtJ'",;)~~B\lijn11U1lJLfi [Junl1BllJ1\1ff"lJ B\lLfl~B\I 
, 

RISO TUOSL fi1l1fli~11i1mi'YI[J1 

1~[J~1~[Ji.~i~1Bci1\1i\lLfl11~~ TL Detector 'V\1B TLD ~\lli~1'V\1lJnl1~11,;)1~
~ 

1\1ffl,"'V\U1[J\ll,"~~nl1'Yil\11,"L~[J1,rB\lnU1\1~ (1U 4.1) 1~ tJtbi.UBllJ1\1ff~'YI11lJ~11,"'V\U1[J
~ 

Gy ~LL~n~l\1nu, ,;)1n LL'V\~\ln1L,"~1\1ff:lJ1~1;jlU, lfllJ B~~-60 ~ ~1"rn\l1u,U1aJlmLvlBiu,~ 
~ ~ 

111\1L"lJu, n1\1L'YI'We!i ~\I1U,LL~~~~1Bci1\1"lJ B\I TLD L11,;)~'YI11lJl1BllJ1\1ff:lJl L 'rb1~1u,'V\U1 tJ"lJ B\I 
~ 

Gy ,;)In,,fwt.tlaJl~11';)1~fl11:lJL,r:lJ,rU,''lJB\l1\1~~1[JiTIL1B\lLL~\lflrl:lJ1BU,'V\1B TL 1~[Jn11yJ TL 

glow curve "lJ B\ln~:lJ~1B ci1\1~BllJ1\1ff:lJ1,;)ln~1"rn\l1u,U1:lJlmLvl Biu,~"fu,LL~~\llU,1U 4.2n 
~ ~ ~ 

LL~~n11yJU1lJLfi[JlJ1~'V\11\1m:lJlmnl1BllJ1\1ff ('V\U1[J Gy) LL~~fl11:lJL,r:lJ,rU,"lJB\li~~lrn TL 

LL~~\ll,"1u 4.2fl 
~ 

http:1l1fli~11i1mi'YI[.J1
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VI~\I,nn,fuWj..urJi.~tt1~1fJ ci1\1 TLD ~~L~3Ji.U'Yl ~RfJU fJ1U1\1~~1 rJ LLVI~\ln1Lit~1\1~ 
~ , 

SrlY-90 LU~l ~\I~~i\lfJciluLfl~fJ\I RISO TLIOSL ~fl1fll~11l1&'1'YlrJ1 ~\lfJ1lJ1\1~luVlti1rJ 
~ 

an fJ\I L1~1 (lU1Yl) ~1 rJ~h~LL~n~l\1nU ,;)lnti\.t~\I ih:JJ11~m3J1m1\1~~1 rJ1TIL1fJ\I LL~\lfl113J 
i'flUL,j"U~3J 1~rJn11'W TL glow curve "ll fl\ln~ 3J~1 fl ci1\1~ fl1U1\1~3J1,;)ln Lfl~fl\l RISO, 
TLIOSL ~111fll"ll'11l1&'1'Yl rJ1,fuLLR~\llu'nJ 4.2"ll LL~::n11'WU1ULYl rJU1::Vl11\1m3J1 mn11fl1U 

~ 
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fllflianl1fniti'YI rJl (~1J 4.2) LL~~h'Jfll1aJ~aJ~'UTIj::v\'~h~fll1aJ L,JaJ,j\ton El\l ~t;yt;ylm TL (TL 

intensity) LL~::maJlmnljEll'lJ1~~ ~\lLL~~\ll'U~:JJnlj 4.1-4.2 

TL intensity =214940 x Dose (Gy) (~aJnlj 4.1) 

TL intensity =25364 x Dose (Sec) (~:JJnlj 4.2) 

~~ Lrl El~~ljml ~:JJnljcyf\l~El\l ~::~1:JJljf:\U1'lJ Lrl rJ'lJnljEll'lJ1\1~th::Lij'Ufll1:JJ ~aJ~UTI 
j::'Vdl\1nljEll'lJ1~~~Lfl1El~ RISO TLIOSL lUV\,U,lrJiUlrl LL~::'VI\hrJm3Jlm1~~:JJ1~j~1'U,

.u 

(Gy) ~\lLL~~\ll'U,~:JJnlj 4.3 

A A A 

1 lUTYl =0.141 Gy'VIjEl (~:JJnlj 4.3) 
A

1 'U,1'Y1 = 8.47 Gy 

~\I,f'U,l'U, nljDj:: Lij 'U, 1~ ~1'U,~1 El rJl\1l 'U,,fu~ El U~ tlLtJ,xU w=l,)'rJ ~1 aJljf:\ tll 'lJ1~ ~~1 rJ 
'U 

Lfl1tl\l RISO TLIOSL ~fllflianl1)jn1i'Yl rJllU'VIUlrJiulrlL~LL~::~1:JJljf:\tJ1'lJLrl rJ'lJl~tlrJl'U, jtJ
'U 'U 

~ 

QJ ~.:c ~ 


4.2. nT')'t1~HH)1J"\li>1L1Jil\l(;l" (Pre-test of Equivalent Dose) 

'VI ~~~ln~l~ijnlj1J1'lJL rl rJ'lJtJ1:JJl mnljEll'lJ1\1~L1rJuftl rJ LL~l w=l,)'rJ~\I 'ill L itunlj
'U 

Dj::Lij'U,maJlm1~~~ij El rJlU~le)[h~ ~~lU'Yll\1U 1iu~on tl~nlj~11\1njly.J Growth curve (j1J
'U ~ 'U 

2.8on) ~~ LU'U,njly.J LL~~~ fll1 aJ ~aJ~UTIj::'VIil\1 fll1:JJ L,JaJ,Juon B\I nljL1tl\l LL ~\I (LLnU~~) LL~:: 
m:JJlm1\1~~ijtl rJ1. 'U,~1 tl rJl\1 (LLnUUElU) ,xu itrJ:JJ~~::~fl~njly.J~ijnljtll1J1\1~~1 tl rJl~~ 1)

'U 

~lnil 2) 1.n~L~rJ\I LL~:: 3) ~\lnilm:JJlm1\1~1~rJuj::aJlm~ijtlrJluLL~~::~ltlrJl\1 L~tll~nlj
'U 'U 

th::LijUy.j f1~njjaJj::'VIil~D1:IJlm1\1~LL~::it;y t;yl mnljL1tl\l LL~\I,xUfl ~ tlUfl ~ :JJ (interpolation) 

1U,rl\1on El~m:JJl m1\1~~~~::'Yh1.~nlj1Jj::Lijum:JJlm1\1~,xuijfll1:JJLL3,htcll:JJln~~~. , 
1~rJ1.u,fu~tlwd~,)'rJl~LLU\l~lElrJl\1'lJl\1fflUlffLfl1B\I RISO TLIOSL (jD 4.3) 1~rJ1.ff 

'U 'U 

~ltlrJl~~:: 1 'VI~:IJ jl:IJcyf\l~U 13 ~ltlrJl~ 'VI1El 13 'VI~:IJ ~ln,xu~\I'Yhnlj1~m:IJlmnljL1tl\l
q q 

.... .... Q,; , ,Q,; Q,; .t d 0 Q,; A 

LL~~~lnnljnj::~U~l rJ LL~\I (OSL) on tl\l ~1 El rJl~ LL~ ~::~1 (N) 'VI ~~~lnuU~\I'Yllnljtll'lJj\l ~ 
q 

~lElcil~'Yln~l~lrJj::rJ::Ll~l 100 iU1Yi LL~::yhnlj~jl~1~~runnm OSL ~nflf\l ~\lnjly.J
q ~ ~ 

OSL decay curve ~l~LL~~~1.Uj1J 4.4 
'U 

http:1~rJ1.ff
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'V\ ~"'l1n,f'U,~"'YhnT'Hil £.llfU ru ru~'1.~1fJl\! v11:'V\1l\!m:JJlm 1"~~ ElllJ LL~:flll:JJ ~\!"lJ El\! 
'" '" 'U 

n1l~ OSL ~\!~H~~L~,;):;LL~~"l 'U,1U"lJ El\!m:JJlrn1\!~1'U,dfEl"~'U,"lJEl"LL~fl:;~lEl til\! (Test dose) 
'U 

,;)In,fu~\!ll'' LLt:.JU1 Unl1ElllJ1\!~1'U,LL~ fl:;~l El til\! El til\!UEl fJ 3 fll (R1-R3) ~,,1~ fJ ~1t1nl1 
'I 

ElElnLLlJlJnl1ElllJ1\!~LL~~\!1'U,~11l" 4.1 L~Ell,nunl1~11';)1~';)1".tf"~lfJ1n- TL LLfl:; OSL 

~11l" 4.1 t:.Jfln11u1:;L5jum:JJ1m1\1~1'U,LifEl\!~u"lJEl\!LL~fl:;~lElcl1" (Test dose) LL~:;n11 
ElElnLLlJlJfllnl1ElllJ1\!~ 3 fll1unl1~11,;)1~m3Jlm1\!~,;)1\! (R) 

No. No. 
A ... 

Test Dose (1"1") 
A ... 

R1 (1"1") 
A ... 

R2 (1"1") 
A ... 

R3 (1"1") 

1 TI1-1 166 100 170 250 

2 TI1-2 238 170 240 300 

3 TI2-1 122 70 120 190 

4 TI2-2 154 80 150 200 

5 TI3-1 5 2 3 20 

6 TI3-2 8 2 7 20 

7 TI4-1 66 20 70 150 

8 TI4-2 75 20 80 150 

9 TT5-1 135 70 130 200 

10 TT5-2 198 130 200 260 

11 TI6-1 46 20 50 90 

12 TT6-2 87 30 90 180 

13 TT6-3 47 20 50 100 
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ftl "" Q.; ~ '1.0' "",.,. ~ '1.0'
4.3. n1"ilJ"i::L3J""i\JiI1~1U1fiL"if)\JlLa\J~113J'H)" (Thermoluminescence) 

l'U,nT~lL~11:;~vnEn tJ1~ tJnl1L1a\l LL~\I~113Jfa'U, ~itJ L~ anliL'Yl~ii~ Regeneration
'I 'lI 

(Takashima and Honda, 1989) l'U,nl11.h:;dhtfhm3Jlrn1,,~ ~"dLUa",;)lnL1J'U,L'Yl~ii~~dJ'U, 
~ittJ3Jn'Ua til LL 'Vf~v\ fn tJ LLfl:;LV\3Jl:;~3J r1lJ nl11h:; dj'U,m3Jl rn1\1 ~"lJ a\l ~1 a til\1~i,~1lJ~ll3Jfa'U, 
t~ tJ1'U,LL~fl:;~1 a til",f'U,ijaff'U,~ a'U,nl1~11,;)1~ L~3J ~'U,,;)lnnl11~ iru rul rnnl1L1a" LL~\I,;)ln

QI QI 

~1atil\11)113J"1fl~ (Natural) ~1'U,1'U 3 ~f\l V\t",;)ln,rU~1atil"~~lunl11~LL~T;):;i,1l~ 
Hrurulmnl1L1a\l LL~\I LV\~ a a rJ ~\I ~~tJi,~'Yilnl1allJ1"~ (R1) ~13J~i,~1l\1 LL~Ui,11. 'U,LLliifl:; 

QI QI 'lI 'lI 
~ ~ 

~latil\1 (~11l\1 4.1) LLfl:;Yhm11~iqJqJlrnnl1L1a\l LL~" ,;)lnu'U,allJ1\1~6J11Eln (R2) ~11,;)1~ 

L,rUL~3J LLfl:; al1J1"~ (R3) Lu'U,~f,,~~'t1ltJ LLfl:;'Yhnl1~11,;)1~ ~\I';):;'Yil1V\lu~latil"LLlii~:;Cill
'I 

~ 
~ A 

~1" (v\1a 12 

Liun11W glow curve) 

t~ til'U,nl11~ iru rul rnLLliifl:;~f",ru~nl1L6Jf'Yl ~l1l1:;nl1~11';)1~1'U,L~~t:l" RISO 
III QI 

TLIOSL ~"LL~~\ll'U,1U 4.5 1~ tJ~nl11~~ll3J1a'U,ri a'U,nl1~11,;)1~~1 tJ tl~1l 5°Cn'U,lYi LU'U. 
'lI 

L1~1 20 l'U,lYi ';)'U,n1:;~"~larJl\1ijamv\l1iji1\1 100°C ~"L~3J'Yilnl1~11';)1~LLfl:;U'U,rinU13.nrn
'I 'lI 

iqJ tyl rnnl1L1a" LLL~\'1v\1 a U13Jl m1\1~~ij a ~1'U.~1 a rJl" 1~ tI,;):;l~i,u L~ a tJ ') a til" lii a L rta\l 

~ .... A ° A 1 t.I t.I ~.d 0 1 !"1 t.I •• 1
';)un1:;'Yl\lamv\113Jrl\l 450 C 1:;lJ'lJ,;)"V\tI~ v\~ll3J1a'U,LLfl:;V\tI~~11,;)1~ '1l\l,;):;'Yll V\ b~n1l¥'f 

'I 'lI 'I 'I 

TL glow curve ~"LL~~\ll'U,1u 4.6 
'lI 
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~~t:-J~"illnnl1~11"ill~U1111m1~~lu'nJ"lJEh'l TL glow curve "lJf)~LL~~::~lf)th~tfui.~
'U 

Ul111,rrl~ LUun11vJ TL growth curve ~~LL~~~1U1U 4.6 1~ tli.~"illnnl1~11~LiuLLu11'"11 
'U 

~1111 Gl1lvrUJ51::V\il~,hu1111m1~~~ f)luli~l f) cil~ LL~::U1111m~1111 L;r1I;rU~~~~"lJ f)~n11yJ
'U 'I 

TL glow curve 

"ill n tfu~ ~ Ul fll GlqJ qJl m~1~ i.~"ill n ~1 f) cil~ 111111"151 ~ (N) 111 LU1 tlU LYi tl 1J 

UqJqJ~i.~1tll~fl LL~::U1::Liiufllm1l1m1~~luV\ti1tl"lJf)~ Gy ~~t:-J~"lJf)~fllm1l1m1~~v\1f) ED 
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TT 6-2 
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'U 

L~~el~ RISO TUOSL ~1rJin- TL LL~~nl1tJ1~LihtThm~lm1~~ 

"illn~11l~ 4.2 LL~~~llXLV;ull~~nl1th~Lijufilm~lm1~~"lJEl~~1el[.h~~i~1" ') ,xuij 

~11~LL~n~1~nuLLI.J1~Uelcilu,r1~ 0.13-20.35 Gy LL~~Ldeltt1~1~lU1m1111nufiler~1lnl1 
'U 

LL~1~~~ ElU ~1El AD ~I.J1~LijUi.1"illn,yu~ ElU~~lU1Il ihllX~~nl1ril~UEllrJ"lJEl~~;)~~~~~
'I 01.1 

,xUL~ rJt:lnu~n~1ElijElltJElcilU,r1~ 8-230 U 1~ rJ Ell £J~l~~~i.~,xudJu"lJ El~~;)"illnlu1lm~rnu 
'U 'I 'U 'I 'I 01.1 

~1Il£JL~"lJ 4 LU"lJm~~~1Elcil~~;)"illnLL~~~lU1lm~t:llU~~1£JL~"lJ 1 ,fuijEll£JelciLU,r1~ 1980 
01.1 'I 'U 

(~itt1UUEln)-2030 (aitt1uLU) U UEln"illnd'aintlU~U') ,fu5jEll~El~lu,r1~~&rn 700-170011 

LiJUtt1U1~ni ~~~1~11t:lLLtJ~~1l~LuLifEl~~Ui.~ll LL'VI~~1u11m~~h1~~nd'ij til £J~ LL~n~l~nu 
~ 'I 'I 

'VI1t1l~a;)~ijnl1~~~lU,r1~L1~1~LL~n~1~nu tI cilu,r1~ 700-1700 U 
01.1 'U 

el cil"i.1n~1~ 1unl1ril~u~ ell £J'Yl1"i'Yl £.n~n~~f 1~ £J~1i.tJ,fu~11ijnl1ril'V1U~ ell rJ 
'I 'I 

~1 £J L'Yl ~ it~ ~U ') ~1 L tJ~ £J U L fi tJ U L ~ ElLlXfi 1 Ell £J ~ i.~,fUij ~11 ~ til L~ El ii El 11 1 n ri ~;1U ~,,1U 
'I 

~lui~£Jd' i.~ihnl1~11"il1~inJnJlm OSL 
~ ~ 

nu ~1 El cil~~;)L~ EltJ1~LijUEll £J"lJEl"~;)Eln~f~ ~~ 
01.1 'I 01.1 

n1~u1unl1l'il"lU,xULL~~"1u,yu~ ElU~ Eli.tJ 

http:0.13-20.35
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<il111~ 4.2 ~~n111.h:Lihufi3J1m1~ffLL~:eJ1~"lJeJ~~1eJrh~~!~1t11nL~eJ~LL~~fl113Jfel'U (Thermoluminescence Dating) 

No. Sample U (ppm) Th (ppm) K (0/0) W(%) AD (Gy/ka) ED (Gy) Age (Yr) 

1 TI1-1 9.43±0.23 61.85±2.2 2.95±0.1 3.52 9.99±7.68 19.84±0.61 1980±1520 

2 TI1-2 9.43±0.23 61.85±2.2 2.95±0.1 3.52 9.99±7.68 20.35±0.63 2030±1560 

3 TI2-1 11.66±0.22 64.41±1.99 3±0.09 4.57 10.71±7.24 7.56±1.65 700±490 

4 TI2-2 11.66±0.22 64.41±1.99 3±0.09 4.57 10.71±7.24 10.46± 1.15 970±660 

5 TI3-1 19.3±0.27 77.2±2.16 4.07±0.1 0.62 14.85±10.03 0.77±0.01 51±34 

6 TI3-2 19.3±0.27 77.2±2.16 4.07±0.1 0.62 14.85±10.03 0.13±0.00 B±5 

7 TI4-1 4.94±0.19 29.96±1.5 2.14±0.09 5.38 5.70±2.57 7.77±2.23 1360±720 

8 TI4-2 4.94±0.19 29.96±1.5 2.14±0.09 5.38 5.70±2.57 10.91±1.70 1910±910 

9 TI5-1 9.98±0.18 59.37±1.93 3.07±0.OB 9.38 9.78±6.16 16.41±0.91 1670±1050 

10 TI5-2 9.98±0.18 59.37±1.93 3.07±0.O8 9.38 9.78±6.16 16.42±1.33 1670±1060 

11 TI6-1 6.27±0.16 33.32±1.26 2.39±0.08 4.70 6.54±2.44 B.2B±1.16 1260±500 

12 TI6-2 6.27±0.16 33.32±1.26 2.39±0.OB 4.70 6.54±2.44 7.21±1.96 1100±500 

13 TI6-3 6.27±0.16 33.32±1.26 2.39±0.OB 4.70 6.54±2.44 6.83±1.10 1040±420 
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ftl "" a..- 9 'J.I """,. 'J.I 'J.I
4.4. nT"ilJ"~L3J,""\Ji.1{Pl1U1fin"~<Pl,"~'U.ILL~\J (Optically Stimulated Luminescence) 

uf)n,nnn11~1';r;)'r~m1l1rn1"~~1 tJin- TL LL~1 1u"lui'<iltJiirT"ijn111h::tJn~1i
'I 

'VI~nn11n1::~U~1 tJ LL~" (OSL) L~f)n11n1'V1U~ f)ltJ~;)lu11 rn~~~n~1tJ 1~ tJin- OSL d1L~1I 
'I 'I .u 

l~tJ Huntley LL~::~rn:: (1985) 1~tJliLLL1'''n1::~u~L;jtJ1,;]ln'VI~f)~f)Tfnf)uL~L'11f)f (A = 514 
'I 

u11ULlI~1) n1::~un11L1f)" LLL1'''1ULd~1 tl~i~ L1'n~,;]1n~::n tlU~~tl"n11'Yl11Utl1 tJn11L1'::L1'3J ~1 
'I 'I 

'VI~n,;]ln,fU'VI~ltJn~3Ji-;ijtJl~'lllLLU1~~ Huntley LL~::~rn:: (1985) ltJ~n1Y1i'<iltJ LL~::~~u11U 
'I 

11tJ~::L~tJ~LL"lJU"~1" 6) L~tllin11n1'V1U~tl1tJ~1tJin- OSL ,fuijtJ1::~'YlTIll1~3J1nri,,~u
'I 

1. LL'Via\J n1L"~lLL~\J~ 


1~ tJ L'Yl ~it~"lJ tl \ln11n1::~u~1 tJ LLL1''' ~ittJ:JJnUL lIUtl ci1" 1I1n1 u'11';]';]uu,ru ~ tl n11 

'I 'I 

n1::~U~1tJLLL1'''~ tlL rttl" (Continuous wave stimulation, CW) ~"LiJU'75it~~~~"n11n1::~U 
'I 'I 

LL~::n11~11,;]1~LLL1'"lu~1tl3JnU ~",fU,L~ tllajlv;di~ n11UUnU"lJ tl" LLL1'''n1::~ULL~::LLL1''',;]1nn11
'I 

L1 tl" LLL1'"11 tl" ~1 tl ci1" ~,,~tl" 1 i1::U U n 1 tl" LL L1''' Lan1az51 tJ L~ tl L~ tl nl~ LU~1::n11 L1tl\l LLL1''' ';]1 n 

~1 tl ci1"L'Yh,fu ~",;]lnn11~n1Y1~U';hnu Ld~1 tl~innn1::~ul~tl ci1" ff3JU1mnUaz51\1 LL~"~~1 
'\.I 'I '\.I 

3J tl\l L ~u (Visible light) ~1ULLL1',,~ij~113J tJ11~~U~3J1n11';]::iju1::~'YlTI1l1~1un11n1::~tt 
'I 

iqJqJ1rn OSL ~~'VIttt~ll1~l~U (Beltter-Jensen LL~::~rn::, 1994b) ltt"lJrn::~LdL~~L1'l.hf 
L1tl" LLL1'\ll~~ 'VI1nnnn1::~u~1 tJ LL~,,~ij~11:JJ tJ1~~u1n~nuLLff\l~u,~1L1~ LlItt~tt 

'\.I 'I 

2. Lt1AiiA n1,.t.J"~L3j'"t.J~3J1m,-r\J ~'h.Gl1 euh\J 


~1U,LLU,1 'Yl1 \11 un11U1::LijttU13J1rn1\1~LL~::n11tl1U1\1~,rU '11';] ';] UttutJ3JliL'Yl~it~~ 

'I 

L1tJn11 n11u1::Lij'\,~1~ tJ1in ~:JJ~::n tlttL~ tJ1 (Single-aliquot) ~\I LlIu,in-~ L1'13J11n~11,;]1~ LL~:: 
'I 

lh::Lijttfhm:JJ1rn1\1~1tt~1 tl ci1"l~tJli~1 tlci1\1n~3J~::n ElttLVi tJ"~1ttL~ tJ1 (Single-aliquot)
'I 

d d A ,J CL,.oI I ~ I ~ 
'11\13J'VI~l tJL'Yl~U,~'Yl~~u,1113JnU L'75u, L'Yl~u,~ Additive dose (Duller, 1991; Galloway, 1996; 

fl A .J .... .d..... "",.oj ~ 
Murray LL~::~rn::, 1997) LuU,L'Yl~u,~LL1n'Yl~~u,lL~tlL1'U,U~Uu,115n11 Single-aliquot ';]lnttU

'I 

1U,'11';]';]UU,L 'Yl~it~ Regeneration
'I 

dose l~'Yl1n11~~u,1~U,~1'V11UlinU~1 tl ci1\1Ld~1 tl~'11 
(Murray LL~:: Wintle, 1999) 

in-n11dijLLU,1UDu~~laj'11usntltt L~:JJ,;]lnn111~iqJry1rn OSL 1511:JJ'7f1~ ~\I'Yhlv; 
irunnrn OSL 'VI3J~lu ,;]In,fu,f)lU1\1~1'V1L~tJlh::3J1rnl'V1i.n~L~tJ,,nuiruru1rn OSL 1511:JJ'751~ 

~ u ~ ~ 

1V;3J1n~L1'~ LL~::'Yl1n111~iruru1rn OSL ~n~f" ,;]In,ru,~1u,1rnU13J1rn1,,~~ijtl cilU,~1 tl ci1\1
'I .., .., . '\.I 

';]1nn11LmtJUL Yl tJU5~11~1U,"lJ tl"iryrY1rn OSL Ii113J'751~LL~::~1 tlci1" (L~3J) ~tl1U1"~~L11 

'Yl11U~1 '11ru'VI1"lJtl"in-n11d ~tl 1~tJun~';]::ij~113JLU~tJU,LLU~"~113J1tl"l1~tlLLL1''' 5u,.., 

L Utl":JJ1,;]lnn11 li~1 tl ci1\1 L~lI ~1u,n11tl1U1\1~1 'VI aj n11tluri f)u,n11~11,;]1~ LL~::n111~~11:JJ 
1tlU,1::'VI11"n11~11,;]1~iruru1 rn OSL tlci1"l1n~13J"1u,i'<iltJlu,'11';]';]Uu,LLff~"l~L~tt11n11 .., .., 'I 

~11\1~113JLLajU,~1~1'V11U~116.J1 tl\ll1~ tlLL~",ru,L1'13J11n'Yl1l~~ tJ 'VI ~nn11 1"~'Yl~L1'tlU (test 

http:11\1~113JLLajU,~1~1'V11U~116.J1
http:ltt"lJrn::~LdL~~L1'l.hf
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enU1\1~ 'V\~\I"illn~U rhnTHnU1\1~'Yl~~ElU~\I~U1!11ru~16J ('1.Jn~ 10-20% "1.JEl\lmanm ED 

~L~~n~nl1m'i) 
1Unl1~n'Ml1iEJnl1nl'V\U~ Ell tI B~1u11 ru,~~~1 EJ1TI OSL d ~iEJL~~l Litunl1 

q ~ ~ 

~11"ill~ ~1 !I1~LutlU LLUU LL~U"1.J El\l\llUlitilUEl~~ ~ ElTIUl EJl1 L iJunl1~11"ill~~ LLaJU~l!11 n 

~~~ 1~tl1~LUtlU1TInl1'Yil\11U ~~\ld 
q 

1:: ..l d I I A 

tI,"GltllU1 1 Preheat plateau test 'V\!I1t1rJ\I nl1'Yl~~EllJ11"l51\1Elm'V\ll!l"1.JEl\lnl1 Pre­
'I ~ 

heat l~~rhl'V\'~Til ED ln~L~ EJ\lnU!lln~~~ L~11~Ul\1~f\lElm'V\llij~1i.un~u ~~~ 110TL 
q q ~ 

'1.aJ'V\!I~ LL~lJl\1~f\l~\lL'1.J nEll~"il~~U~\I ~~ 100TL LL~~ iruunm OSL ~L11~El\lnl11~L~fl 
~ ~ ~ 

'1.J1~LijU1\1~~1 tI ~\I~U"il~~El\l~nl1~11,;) ~f)lJluLitEl\l~U11,rl\1 fl m'V\llijl~L'V\!I1~~1I~~~ ~\I 
~ ~ 'I 

lTInl1L~!I~U,;)lntb~lfl cil\11)11!1"l51~ 1I1~1T;)1~~1 tI OSL L~ f)~lJirurulm OSL flEln1~ 
~ ~ 

'V\!I~,;)ln~UEllU1\1~~'Yl11lJTil L~ fl'Yil1 ~L 'V\3j f)ULiJU~1 El cil\11.)113J"l51~~L11 'Yl 11lJ TilU1!11 ru 

1\1 ~f) ~ LL~1 (~1U1'V\ qj';) ~1~Til1\1~'1.J1~!I1 m 1 n ~L~ EJ\I nlJ Til1\1 ~~ ~1 f) r.jl\11)11!1"l51 ~ 

l~tllh~3Jlm) 
~ I 

Q.,.I 0 0 Q.,I 1.1 A A 

,;)lnUUUl3Jl'Yllnl1~11"il1~~1t1L'Yl~U~ Single Aliquot Regeneration (SAR) L~fl'V\l 

Til ED l1Elm'V\ll5j Preheat l~l~Til ED ln~L~[J\lnuTil ED ~L11ElllJ!lln~~~ 1~EJ1,r
'I ~ q 

f)m'V\Il5j~~l\1nU L,rU SAR1 200°C, SAR2 220°C, SAR3 240°C, ... , SARn 280 °c dJU~U 
q ~ 

~\I';)~i.~Til ED lULL~~~f)ru'V\llij~l~ "illn~u~il ED ~L~,;)lnflm'V\lliji.'V\u~l~Til ED L'yhnu 
~ ~ ~ q ~ 

m3Jlru1\1~~L11flllJ1U~flULL1nnElil pre-heat ~U~L'V\3Jl~~~JLiJU~U 
i"Gltl'"vi 2 Thermal transfer checking 'V\3Jlt1n\l '1.J11nlJnl1nr~lUU1\1~f\l 

n\lLLaril~lfl cil\1';)~i.aJ~m:l.nru1\1~f)r.j L~ tlLLarLL~it~L~ EJl (~3J3J~hXTiT¥\I~LiJu 0) LL~L~f)3Jl1U
~ 'I 

~lt1~m'V\1Jij pre-heat ~~l\16J nu (L'V\3jflunl1'Yil preheat plateau test) n~ul~Ti1iqJqJlru 
3J1Til 1 ~\li.aJLiJU 0 ~\I~U L,rU L~ElL11'Yh preheat plae teau test ~lJil flm'V\llij preheat ~ 

'I ~ 

L'V\3Jl~~3J'V\~lt1Til L,rU f)1,;)"il~1,n~~\1 200-300 n'Yil1~ plateau L~Til1n~L~EJ\lnu LL~L~fl3Jl 
'Yil thermal transfer n~u~ul1 ~lJl\1f)ru'V\llijL'Yh~u~'Yi11~ Til~1flr.jl\1 0 ~Ul~m1l1ru1\1~ 

'I ~ 

L~ 0 ,;)1\1 ~\I,;)lnnl1'YhJ\I preheat plateau test LL~~nl1rh thermal transfer checking L11n 

';)~i.~ condition "1.Jfl\lnl1 preheat ~~~~~lUnl1\b3Jl1,nun111~~lflr.jl\1'V\1flirunnru OSL 
'I ~ ~ 

"1.JEl\lL11 lTInl1 Thermal transfer d' -.ijlLiJU3Jln'V\ln'YilnlJ~1Elcil\1fllt1~flU (ED 0.05-0.1 Gy) 
. 'I 

L~11~lu,Ul\1~f\l Til~ LaJL'YhnlJ 0 dfll';)'Yil1~nl11~ ED tl~~~l~i.U LL~lun1nt~~lElcil\1LLr\ 
ni.aJ~El\l L~11~aTW\rElEJ!llnLriElLl1t1lJnlJ ED ~i.~ 

1::..l .... Lea.- .J 0

1J"Gltl"'t'1 3 Dose recovery 'V\~\I"illnL11 ~~1l11~ (condition) YlL'V\3Jl~~3J"illnnl1'Yll 

lwrffU~flU~ 1 LL~~ 2 L~Ell,nunl1~11"ill~i~qpru OSL LL~1 ,TU<ilElUnl1'Yi1 Dose recovery 

v\3J1EJn\l nl1'Yl~~f)lJ«nEJ1l1~"1.J El\l condition 1~ EJnl11,r condition ~ULU~11,;)1~L~Ellh~L5jU 
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maJlru,1~~lu~1eJr.h~~'Yldl1JeJlfJLL~1 11~~1 ED ~.yhlinld~lU1ru,eJlr.nrui.~ln~L~fJ~n1J
'I 'I 

fl11aJLUU"il1~aJln L~fJ~l~ 

'V\~~"illn,rU~~L~aJ'Yhnld~d1"ill~~1eJcll~~laJnd~1J1UnldaneJ~ SAR l~tllU~lU1~fJii 
'1~L~eJnl,rYJ~L~f)f Hoya U-340 ('V\Ul 7.5 aJaJ.aJ LL~~0 = 45 ul1ULaJ~d) 1UnldLLtlnnU 

d~'V\11~LLff~~1,rnd~~uLL~~LLff~~'1~"illnnldL1eJ~LLff~ LL~~ff1l11~~1"lfi.unldnd~~U~1tlLLff~tfu 
'I 'I 

LLff~~ludtl 4.7 ~~l,rLL'V\~~nlLit~LLff~LtJULL1J1J Blue LEOs 1,rL1~11unldnd~~U~lfJLLff~ 40 
~ 'I 

1,"lii~ f)~1 f) cll~ LL~~.yhnld~d1"ill~tld~aJlru,nldL1eJ~ LLff~aneJ~~1 eJ cil~ ~~ ~~an f)~nld~dl"ill~ 
1Jl~&(l,"LLff~~l,"dtl 4.4 

~ 

., " 

<' : ti~ticai~owe'i('~t190.0"] <, 

~;....;....;~....;;.;...;.' '·;..;..........:iJ;;.;;',",~i~;f:fr~~~~t(~~,~,~oi•.• ,. :" ')(;'~~\ 'I :, 
250.~:'~ti~n '" 1 if .?: :;~ :tl ,' 

iF " ~';~;~,i~~>\' 'l iD ;if ' ~~'6;:,,~;;ili' 
, healin;~Baie 'rc~~); 15 iJ .. .' '.;. 

N2 'Niltog~~ f' . 
~;~i"iS1~' 14, 

~~~L~n~11i.tlLL~11,",jl~~,"11 L'Ylflitfl SAR ~L~ t1n1,n,"~l'U,1~fJii ~tld~1fJ"lfUf) cil~ 
aJln~d~~fflaJldrl~dl"ill~'V\l~l ED 'ffi'U,tl1aJl ru,aJln ') 1~ fJnld~d1"ill~~1 ED 1,"LL~~~ 
~leJcil~,rU ~1~tl"il~1&(~1f)cil~lu'V\~aJ~1f)cil~~~'V\aJ~ 24 'V\~aJ (ih 24 ~1) ~~LLff~~l'U,dtl 4.8 

~ 'I 'I ~ 

~~1ULL~~~'V\~aJ,rU"il~~nld~dl"ill~tl1aJlru,nldL1f)~ LLff~ LL~~tld~Lij'U,~l ED ~laJL 'Ylflitflan eJ~ 
'I 

SAR &(~~~l'V\l'U,LL~~~~lf)cil~~i,rU"il~~~l ED t1"j~LijUi.~ 24 ~l (ltl 4 .9) 

~~ ~~an El~nld1.h~LijU~l ED 1'U,~l'U,i~£J'di.~'YhnldtJd~aJl ~~ ~'Yll~ ffn~El ElnLUU 2 

dlJLL1J1J~f) nldtld~Lii'U,~lLQ~ tlan eJ~ ED LL~~nldlh~Lii'U,~l~l ff~an eJ" ED ("jtJ 4.9) ~~~~aneJ~ 
~ 'I ~ 

nldtld~Lii'U,,ruttlLtl1 Lfldl~~eJl tl11aJn1J~1 AD Yil1'V\1~~1 f)l fJan eJ~B~1'U,LL~ ~~~1 f) cil~~ 
'I 'I oU 

LL~n~l~n'U,'tl ~~LL~~"l'U,~ldl" 4.3-4.4 
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1~£J~ln~n11\1 4.3 ~\lLU\HntJ~i.~~ln~hLu~tJ"lJtl\l ED ~~L~ui.~ilfiltlltJ"lJtl\l 
q q 

~1 tl cil\1~~,rU5jfl113JV\ ~lnVH~l tJ tl cil\13Jln LLU1tY'U,1'U,1~vdl\1 27 (~1 tl rh\l TT3-1) i.tJ~'U,~\I 
3380 (~ltlcil\1 TT 1-1) tll'U,"lJrn~~~~nl1nTV\U~tll£J1,"~n11\1 4.4 ~\lLlJ'U,~~nl1nT~~'U,~tlltJ

q q 

~lnfil~l~~,r," 5jfiltl ci1,",s1\1 18-2014 tl ~\ld'LL~~\l1~L~'U,';h~~nl1u1~Lij,"tll£J~lnLL'U,1~~
q 'U q 

nl1iLfl11~.J ED ~LL~n~l\1n'U, (Lu~tJv\1f}~1~~) ,ru1~filtlltJ~LL~n~l\1n,"
q q 

Single Aliquot Regeneration (SAR) Technique 
1 1 

o · :---~.......­
o 

S'Gy 
Equvoleflt dose 

, 
S.OGy 

5.0 
8· 

6 
 ~1t9IC~~;

£:14 cr 
~2 

O-~-----: 

Equivalent Dose (Gy) 


1U 4.8 1~Lij£JlJiTInl1~11~1~LL~~u1~Lij'U,m3Jlrn~runnrnnl1L1f}\lLLt"i\l~1£Jin- OSL 1'U,

'U QI QI _ .... ..r 

\ll,"l~tJ'" 
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TT 1-1 
.". 

f11LUfHJ =33.78±S.41 Gy 

100.0 200.0 300.0 
Palaeodose 

TT 1-2 

. I 


.". 

f11LUfHJ =24.17±3.S4 Gy 

50.0 100~ 150~ 200n 
Palaeodose 

TT 2-1 

. .". 

I 


f11LU~tJ =16.S8±2.81 Gy 


80,0 120,0 160,0 
Palaeodose 

I 


~1~1ff~ =16.14±1.47 Gy 
q 

350 


300 


-.250 

'tE ..~200 ... ....... 

)~ 150 
 .. . ..' a 
~100 -.~.-~---.-.---....-.-.. 

50 


o 5 10 15 20 25 


i~Mllsh~ 

I 


~1~1ff~ =21.40±1.82 Gy
q 

350 


300 


• • 
a. • • 

.. a ... 

• .-....---.-~.....----.-. 

o 

o 5 10 15 20 25 


~A~~,h~ 

I 


~1~1ff~ = 12.82±O.S6 Gy
q 

250 


200 


'~15O .. ...'"~ .. .
)~ 100 .... •• __ •••..~.__ • ~ _".~.M._.JI ... 
ri 

~ 50 " 

o 

o 5 10 15 20 25 


i'il~,)'iI"si,~ 

http:12.82�O.S6
http:21.40�1.82
http:16.14�1.47
http:16.S8�2.81
http:24.17�3.S4
http:33.78�S.41
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TT 2-2 . 
.". 

~lLU~rJ =21.60±2.76 Gy 

100.0 1.0 
Palaeodose 

TI3-1 . 
I .". 

~lLU~rJ = 0.41±O.OB Gy 

1.0 	 2.0 3.0 4.0 
Palaeodose 

TT 3-2 
I 


I .". 


~lLU~rJ =O.96±0.49 Gy 

0.0 10.0 
Palaeodose 

I 

~l~lff~ =16.12±O.31 Gy
'I 

250 

200 

••.......

• 

~......---..-...-.-.---. 

o 5 10 15 20 25 

iilR'l'llch" 

I 

~l~lff~ =O.28±O.07 Gy
'I 

16 

14 


12 


i~ 10 
;J 

e 8 
m 

~~ 6 

r­
.~ 4 
-;:a 


2 


o ~~+-~~~+-~+-~ 

o 	 5 10 15 20 25 

i'ilGt'l'ilci,.:t 

I 

~l~lff~ =O.2B±1.02 Gy
'I 

16 


14 
 • 
12 


~ 10 

:;J 

e • • 
•• -. 

ttII 8 .... 
)~ 6 .• • • 
r- • 

••;! 4 • 
~ 

-;l 2 . -. __ • __ _____ • __• ___!JI__ 

o 

o 5 20 25 

http:O.2B�1.02
http:O.28�O.07
http:16.12�O.31
http:O.96�0.49
http:0.41�O.OB
http:21.60�2.76
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TT 4-1 

filLu~fJ =10.55±O.62 Gy 

60.0 	 80.0 
Palaeodose 

TT4-2 
I 


I ... 


"lLu~fJ =10.9B±2.69 Gy 

40,0 80,0 120.0 
Palaeodose 

TT 5-1 

I 


I ... 


"lLu~fJ =1B.05±O.95 Gy 


1 


100.0 120.0 140.0 
Palaeodose 

I 


fil~l~~ =B.36±0.49 Gy
q 

160 


140 


120 


1~ 100 

;l

it: ":!'.It_"!:...,.~~~.. 
Ii 
~ 40 


20 


o 

o 	 5 10 15 20 25 


;'il~,)'illh~ 

I 


fil~l~~ =9.38±O.37 Gy
q 


160 


140 


120 


,~ 100 

::r 
e
_80 


~~ 60 


5i 
.~ 40 


20 


o 

• 

~LJiI:.J&"...~._~.~. 

o 5 10 15 20 25 


;'ilm~'iI~').3 

I 


fil~l~~ =16.20±O.58 Gy
q 

300 


250 


.~200 
;l 

e 
'" 150 

~~ 	 . - ••-- •• '---w...'L'-. ........ =-ilillIi.;-~III_IiIit_•••_ ..,. 

~ 100 

~ 

~ 
50 


o 5 10 15 20 25 


;'iltK'l'ilth~ 

http:16.20�O.58
http:9.38�O.37
http:B.36�0.49
http:1B.05�O.95
http:10.9B�2.69
http:10.55�O.62
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TT 5-2 

I 


I .... 


fl1LQ~tJ =17.43±14.93 Gy 

0.0 200.0 
Palaeodose 

TT 6-1 

I 


I .... 


fl1LQ~tJ =7.S3±O.34 Gy 

1 

1 

40.0 50.0 60.0 
Palaeodose 

TT6-2 
I 


I .... 


fl1LQ~t1 =12.69±O.90 Gy 

60.0 80.0 100.0 
Palaeodose 

fh~1ff~ =17.74±8.43 Gy
'l 

300 


250 


fi"200 

r 
:;:t 

~150 
~ ................................................ .. 

~ 100 


~ 
50 


o 


o 5 10 15 20 25 


hR,)'iI,h~ 

I 


fi1~1ff~ =7.12±O.21 Gy
'l 

120 


100 


as: 80 

r 

~ ~ 60 •• . ._ 

~ .....~~-.,...-
G 40 

§i 

~ 20 


o 5 10 15 20 25 


1'i1Gl')'ilci1-1 


I 


fi1~1ff~ =11.17±0.4S Gy
'l 

120 


100 
 . ... .
..............
• ______ A ••• ;.a ••_•..IIa...._,~ 80 

r 
:;:t 

e
",60 
)~ 

~ 40 

;:; 

15 20 
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Clll11\1 4.3 ~~nl11.h::Lihtm:IJlrn1\1~bb~::al~"1Ja\l~1a£.h\l~!~1f.Jin-n1::~U~1f.Jbb~\I (Optically Stimulated Luminescence Dating) ~1f.JLLU1~Cllnl1 

l.h::bijU1\1~~1f.Jfilbu~f.J (Mean ED) 

No. Sample U (ppm) Th (ppm) K (%) W (Ofc,) AD (Gy/ka) ED (Gy) Age (Yr) 

1 TI1-1 9.43±0.23 61.8S±2.2 2.9S±0.1 3.52 9.99±7.68 33.78±S.41 3380±2650 

2 TI1-2 9.43±0.23 61.8S±2.2 2.95±0.1 3.S2 9.99±7.68 24.17±3.54 2410±1880 

3 TI2-1 11.66±0.22 64.41±1.99 3±0.09 4.S7 10.71±7.24 16.S8±2.81 1540±1070 

4 TI2-2 11.66±0.22 64.41±1.99 3±0.09 4.S7 10.71±7.24 21.60±2.76 2010±1380 

S TI3-1 19.3±0.27 77.2±2.16 4.07±0.1 0.62 14.85±10.03 0.41±0.08 27±18 

6 TI3-2 19.3±0.27 77.2±2.16 4.07±0.1 0.62 14.8S±10.03 0.96±0.49 64±S4 

7 TI4-1 4.94±0.19 29.96±1.5 2.14±0.09 S.38 S.70±2.S7 10.S5±0.62 1840±830 

8 TI4-2 4.94±0.19 29.96±1.5 2.14±0.09 5.38 S.70±2.57 10.98±2.69 1920±980 

9 TIS-1 9.98±0.18 59.37±1.93 3.07±0.O8 9.38 9.78±6.16 18.05±0.9S 1840±1160 

10 TIS-2 9.98±0.18 59.37±1.93 3.07±0.08 9.38 9.78±6.16 17.43±14.93 1780±1890 

11 TI6-1 6.27±0.16 33.32±1.26 2.39±0.08 4.70 6.54±2.44 7.53±0.34 11S0±430 

12 TI6-2 6.27±0.16 33.32±1.26 2.39±0.08 4.70 6.54±2.44 12.69±0.90 1940±730 

13 TI6-3 6.27±0.16 33.32±1.26 2.39±0.08 4.70 6.S4±2.44 6.S0±O.37 990±370 
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<ill11~ 4.4 ~~nl11h:Lihtm3Jlnd'~ffLL~:f)lEJ"lJel~c;l1el£.h~a~<1l1EJin-n1:<1l'U,<1l':H~HL~~ (Optically Stimulated Luminescence Dating) <1l1EJLL'U,1~<ilnl1, ,~ 

lh:Lihti'~ff~1EJ~h~1~~ (Minimum ED) , 

No. Sample U (ppm) Th (ppm) K (%,) W (0/0) AD (Gy/ka) ED (Gy) Age (Yr) 

1 TT1-1 9.43±0.23 61.85±2.2 2.95±0.1 3.52 9.99±7.68 16.14±1.47 1610±1240 

2 TT1-2 9.43±0.23 61.85±2.2 2.95±0.1 3.52 9.99±7.68 21.40±1.82 2140±1650 

3 TT2-1 11.66±0.22 64.41±1.99 3±0.09 4.57 10.71±7.24 12.82±0.56 1190±800 

4 TT2-2 11.66±0.22 64.41±1.99 3±0.09 4.57 10.71±7.24 16.12±0.31 1500±1010 

5 TT3-1 19.3±0.27 77.2±2.16 4.07±0.1 0.62 14.85±10.03 0.28±0.07 18±12 

6 TT3-2 19.3±0.27 77.2±2.16 4.07±0.1 0.62 14.85±10.03 0.28±1.02 18±65 

7 TT4-1 4.94±0.19 29.96±1.5 2.14±0.09 5.38 5.70±2.57 8.36±0.49 1460±660 

8 TI4-2 4.94±0.19 29.96±1.5 2.14±0.09 5.38 5.70±2.57 9.38±0.37 1640±740 

9 TI5-1 9.98±0.18 59.37±1.93 3.07±0.O8 9.38 9.78±6.16 16.20±0.58 1650±1040 

10 TT5-2 9.98±0.18 59.37±1.93 3.07±0.08 9.38 9.78±6.16 17.74±8.43 1810±1420 

11 TT6-1 6.27±0.16 33.32±1.26 2.39±0.08 4.70 6.54±2.44 7.12±0.21 1080±400 

12 TT6-2 6.27±0.16 33.32±1.26 2.39±0.08 4.70 6.54±2.44 11.17±0.45 1700±630 

13 TT6-3 6.27±0.16 33.32±1.26 2.39±0.08 4.70 6.54±2.44 6.56±0.55 1000±380 
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~ • 
lJYIYI 5 

illhJ"1t1ua~Gf,.tI~a (Discussions and Conclusions) 
q 

5.1. ilii1.l"}1t1e.1~ (Discussions) 

,;)ln~~nl1nlVtU~Hn rJ"lJ th'~1 e) til-:1~~rf-:l 6 n e)U ~ di1l:JJ1,;)ln~lU1U11m~t11U"lJtl-:l 
'I ~ "" 

LLVt~-:l1U11ru,fl~'Yi-:l~n tl. ~:;rt1th ~-:lVtl~~-:I-:ll ~-:lLLU-:lE.ie)rJLtJU 13 n1&'~nMl"lJEl-:lnl1nlVtU~, 
tllrJ ~~nl1rilVtU~tllrJluLirEl-:l~U~1I11EllrJ"lJEl-:l~~rf-:lVt:JJ~ElE.ilu,r1-:1Vt~n 10 iJ- 1000 iJ ~-:I 

, , ,.u 'lI 

ntliltl tilu"'1-:1~1'UL~1unl1nlVtU~EllrJ LL Vt~-:l11111mfl~~ LiiEl-:l,;)ln-:llul~rJlUtl~~tfULfl rJ~
'lI , 

nl111rJ-:llU L iilVtln Lii rJU L~ rJ-:ln1l~1~~1 rJVt1e)~nMm:;Lu~1:;"lJ tl-:l L~M11111 ml~t1~n1:;~~, 
n1:;,;)lrJtlE.iluyfu~tfu LLVt~-:l11111mfl~'Yi-:l~n,fuUl';):;ijEllrJElE.ilu,r1-:1 1,000-1 ,300 iJ~~lU:JJl 

'lI " 'lI 

LL~:;1un1&'''lJtl-:l~~nl1fhVtu~e)1 rJ~1 tllTIfll1UElU-14 ,;)ln~1 tlE.il~,hu~ Lih/l~,;)lnLLVt~-:lCl1J~, '\ 

~U,fU~1IilijtllrJElE.ilu,r1-:1 740-2,080 tJ~l:JJ~l~'U 
, 'lI 

tlE.il-:1L1fi~1:JJlUnl1Eln'Lhlt1 ~~lUL~-:l11 rJ~:;L~ rJ~ ~~rJll-:lL,rU~,;):;~LLtJflnrJTll~"lJtl-:l
'lI '\ 

nl1nlVtu~ Ell rJ~;u,;)ln11111 m~t11U~1 tiL 'YlflitT\nl1nlVtU~ Ell rJ~1 rJ1TI TL LL~:; OSL L11 
, ~ 'I 

~i'tl:JJ 6J nu ~-:I,fulUlh:;L~ULL1n~~~rJ~El-:lnl1'lllL~UEl ~El 
'1 "'''''' I '1 ..d 

'lI 

"'" "'" 1.1 ~ '"I ..,J1. ~~;)1nnl"} ~@l'lilU1\1 L,"~'l\n1LL@ln@l1\1n," (@lil1J'l@ln "}::~\I~L~"}"n1"}tlil't11)
• 

~11 Lrttl-:l,;)lnnl1~L~~ tl-:l LL~~-:lTll~~~"lJ11-:1"lJe)-:I~1 tl E.il-:1~~'YlnntlU (111 3.3.) LL~:; 
"" 'I 'lI 

~1Jil~~tt1U1Vt nitfULL~~ ~-:I ~n'Mm:;"lJ e)-:I~L -dEl ~~~ LL~n ~l-:1nU1:;Vt11-:1 Tll rJUtln ~~"lJ El-:l ~;jLL~:;
~ QI ~ 'I .u 

TllrJlW'lJfJ"~~ ~,,~~tli.~'Yl~~e)'Unl1L,rtt1UTllt1UElnLL~:;Tll rJLU:JJlriTV\U~ En rJ~1 rJrf"ln TL 
~ 'lI 'I 

LL~:; OSL ~"~~nl1nlVtu~ fJl tltfufiL '\X~~~ LL~n~l"nu 1~ rJ,;)lnnl1'Yl~ ~fJ1I'W~ tl~n11yJ, 
fl11:JJi:JJ~un (111 5.1) 1:;Vt11-:1nl1nlVtU~e)1t1~1rJ1TIrf-:l TLLL~:; OSL ,;)ln~1UTllrJLU"lJtl"~~

'lI , ~ 

(LLnU~") LL~:;tt1UTllt1UfJn"lJEl"~! (LLnUUe)U) LL~~-:ll '\XL ~UtlE.il",r~L';)u11nl1nlVtU~ fJl~tt1U 
"lJ tl" ~~,;)lnTll rJL u,fU L '\X~ ~"lJ fJ-:I Ell rJ~ LLn n11 ~ ~ nl1nlVt U~ tll rJ,;)ln ~~tt1UTll rJUfJn fJ E.il" 

~ 'I 'I ~ 

~"Vtln'W,;)11m1nl1n1:;,;)1 rJ~1"lJfJ"~l ED ~111:;LiJUi.~ 1~ rJLu'Wl:;fJE.il"fl"~l ED ~ 
lh:;Lijui.~,;)lniTI OSL (111 5.2) ,;):;LV;ui.~11Vt~-:I,;)lnijnl1'YhJ1LL~:;111:;Liju~h ED lUVt~lt16)

'lI 

flf" (24 flf,,) ,;):;~'U11~~~1UUElntfu';):;llX~l ED ~Lnl:;n~:JJnu (111 5.2n) 1U"lJrn:;~fil ED 
.u 'I 'lI 

~L~,;)ln~;jtt1ulutfuijfl11:JJ'V\~1nVt~1 rJn1:;,;)1 rJ~1e) E.il-:1:IJln (111 5.2"lJ) ~~rJ~-:I~1t111~;j
.u 'lI 'lI 'I.u 

tt1UlutfuUl,;):;«-:li.1li.~1'UEl ru,VtTlij~-:I~ tlLun1:;'U1unl1L~1~;j ~"'Y111lXirurulrnrf-:l TL LL~:;
'I'll'll ~ QI QI 

OSL ~L1e)"LL~"tfUijtt1U~Vt~"LVt~ tl:IJ1,;)ln~uLfh~'ll1:JJ1~U~~i1:IJfJ E.i~1rJ 'Y111lXij1tlnl~i.~
~ 'lI 
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71.1 5.1 n71~Lm£J1JLfi£J1Jfll111~1I~UTI7:;'V\';h'ln17nl'V\U~eJl£J~'HJ1n- TUOSL ,nnH1U, 
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2. ~HinT'U11'Vi"@lu1tJ (Glu1J'lGlrttl,.::~,,~1~~"n1~iuri 2)
'I 'I 

lU~TU,"lJel\l~~"lJel\lnl1fh~u~HntJ ~~rJ'WUil~~~3JltJL~"lJ TT 3-1 LL~~ TI3-2 ~LnU 
q 'IJ ..., 

3Jl~lnllJ11m~rnu ~3JltJL~"lJ 4 JuihhelltJ~LL~n~l\1,;)ln~~nelU~U6J eltll\13Jln (~1U 3.3 
q ..., 'IJ'IJ 

U1~n elU) ~\ll\t~1\t"lJ el\liLL~::L iiel"lJ el\l~~ 1~ tJ~~nelUiiJULL~~\I~~nl1nTV\U~ ell tJoyf\l,;)ln1D­
..., ..., 'I 

TL LL~~ OSL L~el~luan1\1 8-50 tJ (TL) LL~~ 18-64 tJ (OSL) ~\lJu~~tJ~\I~1tJil~~~dlU3Jl 
,;)lnLL~~\lllJ11 m~rllU~3Jl tJL~"lJ 4 iitil,;)~LiJu~~ir';)';)iJu~ijnl1ttl3Jl1,nunl1U1utJ1\1 

..., q 'I 

'lfel3J LL6Jl3J lU11m~rllU1\tan1\1~ijnl1"lJ~~ULL~~U1UtJ1\11~LijULL 'V\ ~\I'Yl el\l L~ tJ1 LL~~~\I LL3Jil~:: 
'I q 

~l3Jl1 rl tJ 1~L ij U ~ ~"lJ el \I ell tJi.~~\I ~1 L ~"lJ ~ n ~111UiT1 \I ~U LL ~ 'V\ 1 n ~ ';) 11m1 n 11 yJ 1 ~ tJ Lu vn:: 
'I 

J ~ 

n11yJ TL glow curve LL~~ growth curve "lJel\li1eltll\1 (1tJ 4.6) LL~~\ll~L~uili1eltll\1li'Uij
'IJ 

ell tJ 
q 

el elU3Jln LL~,;)lnn11yJ~i.~,;)lnnl1ellU1\1iJ\t i.~ ~13Jl1rl'V\1f1113J ~3JWUTI"lJ el\lm3Jl m 1\1 i 

LL~~nl1L1el\lLL~\I ~\I m~tJ~1tJil elltJ~Lru\t']l\1~U tXu i.:JJlan ell tJ~LLl'1,;)1\1"lJel\l~~ LL~~13Jl1tl 
'IJ 'I 'I 'I"" 

U eln i.~L~ tJtJ1~3Jlmil LiJU~~ell tJ el elU'V\1el ~~i1';)';)iJu
..., 'I ..., • 

LL~~'V\ln~,;)11mli1 el tll\1~~~lU~L'V\~ el LLf:l::ttl3Jl LmtJu L.y} tJUrlUnl1fh'V\u~ ell tJ~l tJ 
..., 'I 

1D-~\t6J LGJiU1D-flTfuelU-14 LL~::nl1L.y}tJuL~tJ\l1u11m1~rl,;)ln\llU1~tllUel~~ (1U 5.3) ';)::
'I 'IJ 

'VnJil~~nl1nTV\U~elltJ~~~\I,;)ln1D- TL LL~:: OSL tXul~~lelltJ~lnLtL~tJ\lnULL~~eltlluan1\1 
'I ..., 'I 'IJ 

"lJ el\l ell tI~L~ tJijnl1tJ1~Lijui.1~\1~1 tJ1D-flTi'U elu-14 LL~::nl1L.y} tJu L~ tJ\llu11 m 1~rl~ln 
'I 'I 

\llu1~tJ1Uel~~ (1U 5.3) eltll\1i.1n~13J'V\ln~,;)11ml1~'Vdl\1~~nl1nl'V\U~ellt1,;)ln~~~lU\teln
'IJ 'I ..., 

LL~~~~~lulu ,;)~L~ui.~il ~~~lUUelntfuLnl~n~3J (1U 5.3n) J.Lf:l::ijelltJlnLtL~tJ\lnU~~nl1
oil oil 'I 'IJ 'I 

L.y}tlUL~tJ\lrlUlU11m1~rl3Jlnnil ~~nl1nl'V\U~elltJ~ltJ~~~1\tl\t (1U 5.3"lJ) m~tJ~\I~1tJil 
'I 'I ..., 'IJ 'IJ q 

nl1nl'V\U~ ell £Joyf\l~l £J1D- TL LL~:: OSL tX\t';)~ijU1~~Yln-llTVHL~~1~~~~LL:JJU~l (precision)
'I 

~\I L~ elnl'V\U~ ell £JnU~~~lUUeln L 'YllJU LL~::L~ el LU1tJU LYl tJUrlU1~'V\il\1 LYlflitfl~l,r ~1~tI 
'IJ 'I"" 'IJ 

'Wuilnl1nl'V\U~ ell£J~l £J1D- OSL LL~::L~ elnl,rLLUU~l~ el\l"lJel\lnl1l,r~l~,rel tJ~~~"lJel\l~l ED 
'I 'I 

3J1LlIui1LL 'Ylul unl1u1~LijUell tJtXu';):1~~~~Lnl~n~3JrlULL~:lnLtL~ tJ\lrlUell tJ~LLrl,;)1\13Jln
'I 'I 'I 

~~~ l~£JLQ'Wl:L~elLm£JULYi£JUnUnl1L.y}£JUL~[J\llU11m1~n
'I 'I 

~ltJL'V\~dm~tJ~\I~1ULiiel'V\11~tJ113J"lJel\l\llU1~tJil ~\lLL3Jilnl1nl'V\U~ell tJ,;)lnnl1
'I 'IJ 'I 'I 

L.y} [J lJ L~ [J \I rlu 1U11 m 1 ~ rl J u ';): ij fl113-1 LL:JJ \t ill el tl ~ el ~ 3.1 fl1 1 LL ~1U n 11 'Yi 1 \11 \t 'Yll \I ~1 U 
'I 'IJ 

lu11mfl~'V\1el1l1m1'Yl £Jl ~\I~el\l ell~tJ el\l~fl113J1Yll\11Yl tJl~l ~~1L,]13.11 flUiTUL ~ el~11\1"113J 
'IJ 

L~eli1 el"lJ el\l\llU1~[J nl1nl'V\U~ ell tJYll\1111 tll~l ~~1~\ILUU~\I~~lLlI\tLLf:l~"lJl~i.:JJi.~ LL~~'V\ln 
'I 

~,;)11mlnl1nl'V\U~ ell tlYll\1111 tll~l~~f~l,rnU\llU'Yll\1~lUlu11mfl~~1el1l1m1'Yl £Jl ell £J 
'I 'I 

elelU 1D-~ijtJ1~ff'Yln-1l1~i.~LLri nl1nl'V\\t~ ell tJ~l £J1D-fll1U elU-14 nl1nl~U~ ell tJ~l £J1D-L1el\l 
'I 'I 

... A 'II ~ 0 'II A-=C 'II 'II .J 
LL ~ \I fl113J 1 el U (TL) 'V\ 1 el LL3J n 1~'Yl \I nl1nl 'V\ U~ ell tJ ~1 £J11ln1~ ~ \t~1 £J LL~\I (OSL) 6Jl \I'V\l n 

'I 'I 

~~11ml1u1tJ 5.3 'WUil nl1nl'V\U~ell£J~l£J1D-fllfUelU-14 Ju';)~1~~~"lJel\lell£J~n11\1 ~\I 
'IJ 'I 'I 

ell,;),;)~LlIU~~3Jl,;)ln~1 el tll\1rll\tJUUUL11 elUi.~~1 £J 'V\1el ell,;),;)::L lIUi1 el tll\1rllULril~ tlnw~ 
'IJ 
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¥naJla-~a-aJ~1~LL~~"1u11mfl~Hi ~",ru,nl1fh~u,~EntJa~~1tJiTI TL ~1El OSL ,ru,~"dJu,~n 
q '" 

~~"'Yll"L~ ElnnU"lu,1u11 mfl~~~EllrHiti'Yl tJl11UJ1~L'Yl~L 'Yl tJ 1~ tJLQYn~Elcll"fl" nl1ril~u,~ 
ElltJ~1tJiTI OSL 1~tJL~Eln'l,rLLu1~~fh~1a-~"lJEl" ED lunl1ril~u,~ElltJ ,r,"~~li~~nl1

q q q 
I I 

o A I 0 I Add. 

nl~U~Ell ~'Yl LLflULL~~LL1Ju,tJln1111)Elu, 6) 

n) n'-1," n1'-Ln £111 Lfl U\J~1nGl'lt) u1\J5~~'l""t)n.... 

111 5.3 n11y.JLL~~"nl1n1~~ltJ~1"lJEl"~~nl1ril~u,~ ElltJ~1tJiTIlih" 6) LrlElLmtJUL YltJUnUnl1 
~ q 

ril~,"~Ell tJ~1tJiTIflTf1J Elu,-14 LL~~nl1LYl UUL~U"11111 m 1Iiltl~ln"1u,i~ulU,El~~
q q 
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5.2. ~"j1.Je.H~ (Conclusions), 
ih)'~uunl1nl'V\U~HnrJa~';ijlnlu11ru,i;unu~1rJin- TL 'V\1El OSL ,xuiJ\lLa..idJu~itrJl1 

'I 'I "" 

nWytlLul~ rJLQvn:;1 Uth:;L 'Yl(1L'Yl rJ til L'V\~'V\ ~nLajl,jL~11:;11ij,jEl~El rJ111n LL~ LrtEl \I "ill n iT\I LUU 
'I 

iTI~lV\ aj ~1v\1U un 1)1rni 'Yl rJl 'V\1 EllU11 ru,fl ~1UU1:; L 'Yl ~L 'Yl rJ El til \I L1n ~l1J';ijl n LL U 1 ~~v\1tl 

'YlflMfhi1El\l~\tnl1nl'V\U~ EllrJ"lJ El\la~ LmrJU Lti~ ElUrlUnl1v\1~1 Ell rJcUU~\I LL~a~nElU,xuL~1U 
ow 'I "" 'I "" 

fll1111ElU 'V\1El t:I n U·J1Ly.J flf\l ti~'Yll rJ ~\I Ell';ij LYi rJU L~ rJ\IL~nu tll rJ"lJ El\l nl1L~1I ~Uti11\1~\lU ~n 
~ 'I 'I ~ 

ti11\1~l\161 v\1tlnl1r1 ElnlL it~"lJtl\lan'1Ian'Ulu11ru,Ju 61 1unl1nl'V\u~ Ell rJ~l rJa~,x uij,jEl~ LL~:;,rEl 
J 'I J 'I "" 

fll11:;1\1~ LL~n~l\1nULU ,jEl~ ~ El m3-11 ru,"n El\la~1ULL~ ~:;nElU,xUL~ rJ\I~ El~ El nl1nlv\U~ Ell rJ 
"" 'I 

..4 • "~1 rJin-L1El\l LLti\lfll1111ElU ']j\l ~l\1';ijln nl rJan'111'V\1El'V\ ~Ell1111 ru, ~\I~El\ll,rL~M'V\~El'V\ ~1 rJ 6)~U 
1Il1,nunl1'V\1 ~\I L~rJ\I ~Elnl1UU'V\1El ~ ti1l"lJ El\l'V\~El'V\ ~1 rJ 6),jl\1 Ell rJ 'V\ln 1 Un1rn~vru~~nMl 

'I 

,xUij'V\~l rJl~U1l111J 'V\~1 rJan'1Jan'U r1'lU,jEl~El rJ ~ tl 1Un1rn"lJEl\lnl1tt1a~3Jl';ijlnU1L1ru,~U~'W\I 
'I "" 

LL ~1 3J 1 'Ii El1J LL']j 11 ~1'V\ aj ~ \I Lfl rJ L n ~ itU11 1 LL ~11U'V\ ~1 rJ 6) ~U~ ,jEl ~El rJ ~ n El ti 1 \I "lJ El \I a! ~ a 

Lrta\l';ijlna~,xuih.fi1J1~1'V\1a1tJ'Yl1\1~'V\U1L~ a L Yi rJUrlu'V\ajEl L~lLy.J ~\I,xua~~\lijlElnlHYi';ij:;Laj
"" ~ "" 

l~uL~lLy.J~1..f\l n ElU 1~ rJ~lU1U"lJ a\l L ifa a;Ual';ij';ij:;LajL~1u fll11J1aUtl til \I L~ 3J~ L'V\ 5j tlU~lU 
"" 

uan ~\I~Lfl rJLn~itU1J1LL~lLunl1nl'V\U~ Ell rJ~LL 'V\ ~\I11111ru,fl~ U1U'Yi\l ~n El. fl1:;'U;' ~\lv\1~ 
'I 'I 'I 'I 

'W\I\ll LLti~\lLiL~U11a~~ij~nMru,:;"lJ tl\lnl1L~1Laj~lti\l,xUiil1~~1 al rJ~L~,xuLLrin11fll111 
"" 'I 

LUU';ij1\1 L~ElLYirJunU~lEllrJYiL~';ijlna~nElU~u61 'V\1El~lalrJ~L~';ijlni!i flTf'UElU 14 v\1Elnl1 
'I "" J 'I 

LYirJlIL~rJ\I';ijlnl'U11ru,1~t:I~~U
'I 

~\I,xUL~ El'V\~ n L ~ rJ\I,yEl~a rJ L'V\ ~ld «1~rJ LL u:;tt11i fll1LLrJ n r1'lU~l a til \I1ua~LL~~:; 
~ "" '" 1'" ....., '1' ..4 VI '" ..4, , .¥ A 

n ElU 'V\ L'V\ 1Il:;ti1l nll LL~~:;n1:;'Ulunl1 Lunl1'V\lfll6J1\1 L~ 3Jl6J1\1fll tll rJ H1Uuan H~~U~1"lJ a\l 
'I 'I 

tlaua;u,xu fll1';ij:;nl~~t1\1LtJ L rta\l';ijln L U 1:;v\11\1nl1"lJUrJl tJ~l a cil\1'V\1a1un1rn~a;unElUttuij
"" "" 

nl11~uLLti\l a ti LL~lri tlU~L11';ij:;ttl111nl'V\U~al tJ LL~:;~n,ja~ El L~ Eli] El\lnUL~M~U~LajLGJiL.nEl 
~ 'I 

L~rJlnlla~,xUtJULrrtlU1IlnUa~ 'V\~\I';ijln,xu r1'lUUElnH~L1l';ij:;LLrJnEl an1Jl1i,zEl rJ~H~ L'Yil~';ij:;
"" "" 'I 'I 

,zElrJL~L~ElttlLtJ1,nunl1'V\1~ltJ111lru,1\1~ (ED) ~ijEl ci1U~l acil\1 LL~:;H~'Yll rJr1'1ULU~L'V\~ a 
~ 'I 

1~lt1LtJ1,r'V\1~lml1lru,lll~rl3JiJU~1\1~L~ Ellan'1unl1'V\1 er~11nl1LL~1\1~~ ElU (AD)
'I 

5.3. ifllrVi1LLa~~t.I~"j"jfl1Jtl\J n1"jfi1~~tI (Problems) 

ffll L rta\l';ijlnnl1~lLitu\llui~rJlUflf\lii~1,rln11 LL~unl1~lLitU\llui~rJ~L~nTV\,"~ 
L1 ~\lijH1LV\~3Jl';ijlnLfl~a\l~a RISO TLIOSL ~iiElcilUl1lflian'11)1rn1'YltJl flru,:;1'Yltll~lH~)'f

'I ~ 

';ijWl ~\ln1nr3J'V\li'Yl til ~rJ ~\lLtJULfl~El\l5j El'V\~n1unl1~11';ijl~~~ LL~:;nl1i~tI,xu L~L~tJ Ln~ 
'I 

n l1-nl1 ~ L~ rJ 'V\ 1 til u GJi 1 \I L'4 11 ~U ii1 \11 U i ~ tI 
'I 

'&I I I I 

Thermoluminescence (TL) cUU';ij:;ij Lfl1El \I 5j El ~11a\l';ijl n'V\ til rJ\ll U~U Yi Ell';ij"lJ El flll:IJ 

aULfl11:;'V\1~~111fl1an'li'Yl rJl~l ti~fvrU~l1~ 1I'V\11'Yl rJl~rJLnM~1~1 ti~f LL~lUr1'lU"lJ tl\lnl1 
'I 
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~11';)1~~1£.JiTI Optically Stimulated Luminescence (OSL) ~'U, ~1~£.Ji,~~1Jv\lLL~::i,ah~1Jl1~
'U 

L~iEl"~El~11,;)1~1'U,1.h::L'YlV'li, 'Yl £.J ~"~'U,Ti ElU ~,;)::L~:lJrhnl1~11';)1~LL~::rhnl1i~£.J~l:IJ LL~U~ 
~1 Litui,1' ~~tJ';)::~El\l1iL1 ~llun116JiEl:IJ Lu~ £.JUElUn1m LL~::U11J Lfi £.JU L~iEl.J~ Ell'lXEl cil U 

'U q 'U 

:lJl~1;ilULL~::~U1::~'YlTIl11~1unl1nlv\'U,~Ell £.J~1:IJ1~r1U1::~.J~~ El.J1Tl1.Jnl1i~£.J ~1 tI LV\~d~" 
"" q q q 

Ylllinl1~lLitunl1i~t1lUTlf.JiiLUUi,u El cil\1~lil Lnunlv\U~L1~1~El\l LLV\~.J'YlULL~::LL~Unl1 
q 

~lLitU.J1Uv\~ElTl11:IJaj.JV\1\1"lJ El.J ~1~£.JLEl.J ~~t1~.J~ El~El Eltl£.J1U~11:IJ~lil:IJl rn 1Elnl~d 
q 'U 'U 
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