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ABSTRACT 

In routine thermoluminescence(TL)dating，there is often a tendency to omit an 

absolute determination of the thorium and uranium content in the sample and simply 

measure the tota1 alpha count rate． The annua1 dose iS then calculated assuming 

equa1 activities for a Th／U weight ratio of about 3．1 7．In fact this ratio is varied 
significantly in pottery．Calculation of the annual dose conversion factors from data 

using the tota1 alpha count rate in a selected range of Th／U weight ratios shows 
significant difierences．The results indicate that the additiona1 error contribution to 

the fina1 TL age is in the range土2．5％ to土4．1％ for most cases where the Th／U ratio 

1ies between 1．1 and 9．5． 
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1 INTRoDUCTIoN 

For the determinating the annual alpha dose in pottery，thick source alpha counting 

is a simple method with a number of advantages compared with other more sophisticated 

methods，such as gamma spectrometry，neutron activation analysis and fission track 

analysis．However the method entails a complication in the conversion from 
． and 

annua1 dose[川
． For the annua1 dose，the dose rate of unit specific activity for the 

uranium chain is higher than that for the thorium chain．However for the annua1 dose 

the reverse is true．Therefore error wil1 be introduced in the estimated annua1 and 

doses if they are calculated from the OL count rate without considering the exact Th／U 
一  - 

content ratio． 

Theoretically the“slow pair”(or“fast pair”)techniqueI2]may be used to separate 

the Th(or U)Ol count rate from the total OL count rate．Unfortunately due to the very 

low value of the typical“pair” rate，the technique has rather low usefulness in practice
． 

For example a typical pottery sample with a specific activity 4 1 Bq／kg would have a 
“pair”rate of only 0．2 cpks．As a result ten additional weeks of counting time is required 

to get a result with士3％ statistic error． 

In routine work therefore，only the tota1 OL count rate is obtained and the annua1 

dose rate is calculated under an assumption of equal specific activity of Th and U
． i．e． 
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a Th／~r weight ratio of 3．17 fin fact the assumption is usually for an equal Q count rate 
for Th and U，but this only introduces a factor difierelic(?of 1．0731．In fact much pottery 

COIllnlonly llaS a weight ratio of about 3．However．wel‘e the ratio to vary over a rather 

largm l'allgt ．1 l1 r、annual(1ose and thus the age estimate would be subjected to significant 

error．This 1)aper analyses the effect of the Th／u ratio on the annual dose and hence the 

age estimate． 

2 D 0SE RATE C0N VERS10N FACT0R 

To stu(t3r the variation of dose rate under the influence of arbitrary Th／U ratios， 
convel‘sioIl factors for annual ． and dose have been calculated in terms of the total 

Q count ra covering the entire range of possible Th／U ratios( ．e．0 Th／U≤x)． 

Tlable 1 

Annual dose conversion factor 

This is conditioned by the long equilibrium period for the Th and U chains． 

Once the Th／U content ratio is selected and combined with ppm overall weight 

ratios．the Th／U activity ratio can be estimated using the equivalences：1 ppm=13 

Bq／kg for the Th chain and 1 ppm=4．1 Bq／kg for the U chain．The total Ol count rate 
a is then given by[ ] 

a：aTh+au = (CTh／1．98+Cu／O．583)、 ight 
=
(0．123CTh+0．132Cu)activity (1) 

where aTh and au are the respective Ol count rates(cpks)，(CTh and u)、veight represents 

the weight concentration(ppm)and(CTh and Cu)activity represents the specific parent 

activity(Bq／kg)，in relation to the Th and U chains． 
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NO．2 

where Dn 
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= 【1．480RTh／v+1．644]／(RTh／U+1) 

Ra：RTh／U is tlle ratio(}Th／C}U 

Fig．1 Variation of ，F and with Th／U weight ratio 
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where the factor pairs 0．0574 alld 0．0857，0．1029 and 0．0675 respectively for and ŷ 

conversioI1s only【11
． 

AU calculated conversion factors R ． and R are shown in Table 1．where the 

weight content ratio of Th and U iS varied from 0 to 。。． 

For example taking CTh=8．00 ppm，Cu=1．00 ppm，gives d=(8．00／1．98)+ 

f1．00／0．583)=5．756(cpks)mid 

一

—

1．480~(8~4
—

．1／13)+1．644 
一  

f8×4．1／131+1 

0．0654(mGy．a ／cpks) 

1．527(nlGy．a-1／cpks) 

F1=0．0929(mGy．a-1／cpks) 

Fig．1 shows the variation of the three conversion factors ， and for a weight 

ratio range from 0．1 to 100．Outside this range all three curves appear to reach limiting 

values．The central value of the Th／U weight ratio is taken as 3．2(e．g．1 ppm activity 

ratio 13／4．1 1 which is the value normally chosen in pottery dating． 

3 UNCEI 1_AINTY oF CoNVERSIoN 、ACToR 

At the central value(Th／U weight ratio 3．2)the total annual dose in terms of the 
total OL COUllt rate only is given by Dn= d 

where Fn=(1．48+1．644)／2=1．562(mGy·a-1／cpks) 
the standard variation of should be 

n 

／(1．480—1．562) +(1．644—1．562) V
— — — — — — —  — — — — 一  0．0820 

then D =1．562&士0．o82o~(~5．2％)(mGy／a)． 
The same procedure at the central value for the annual p and-y dose gives 

F8 = 

口 

D = 

=  

一  

D = 

0．0716&士0．0142&(+19．8％)(mGy／a) 

0．0852&士0．0177&(+20．8％)(mGy／a) 

／cpks) 1 I 

：

0．0142} J 

／cpks) 1 l 

：

0．0177} J 

(6) 

It can be seen that the maximum errors of the annual OL， and-y dose are士5．2％，+19．8％ 

and+20．8％ respectively．Now this refers to two extreme cases(pottery containing Th 

without U or U without Th)which never in fact occur． 
Nevertheless，while it would be more accurate to be able to select appropriate 

conversion factors for the actually occuring Th／U ratios，in practice it might be more 
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convenient to estimate the relative standard error when selecting the central conversion 

factor instead of lneasuring that actually occuring ill the archaeological pottery samples． 

Although it would then be unrealistic to consider the extreme limit case given above． 

a reasonable range might be taken as a half that of the extreme limiting case．The six 

conversion factors respectively： 

i 。= f1．562+1．480)／2=1．521(mGy· 

R = (1．562+1．644)／2=1．603(mGy· 

mi = 0．0645(mGy·a ／cpks) 

ma = 0．0787(ntGy·a ／cpks) 

mi = 0．0764(mGy·a ／cpks) 

n1ax = ()．0941(nlGy·a ／cpks) 

The corresponding Th／U weight ratio range is now 1．1 to 9．5． 
Then assum ing a weight ratio of 3．2．the calculated annual dose obtained from the 

total count rate and the nlaxilnuln associated error is given by： 

1．5626土0．0416(+2．6％)flnGy／a) 

J[) =0．07166土0．0071&(~9．9％)(mGy／a) 

J[) 0．08526土【】．0085&(~10％)(mGy／a) 

The uncertainties are larger than those given by Aitken et al l引
． which are 

Dn = 

J[)臼 = 

D = 

fl0) 

(1l1 

(12) 

where Co is the total count rate of the thick sample(cpks)with a sample diameter of 

42H1H1 and a count efficiency of 85％． 

They are however rather closer to those given by R．Sasidheran et al[ ]： 

J[)n 

D 8 

J[) 

fl3) 

where is the total count rate per hour per cIll ． 

In practice most pottery and soil samples will have Th／U ratios within 1．1 to 9．5 

range，SO that equations(9)(11)Call give satisfactory error estimates． 

4 UNCERTA INTY IN TL DATING 

Having obtained equations(9)(1 1)to estimate the annual dose and associated 
uncertainty，it is now possible to inquire how much uncertainty is introduced into the age 
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obtained from TL dating．The fine—grain technique and the quartz inclusion technique 

are analysed respectively． 

4．1 Fine—grain technique 

In the fine—grain technique．the effective annual Q dose from the Th chain represents 

21％ of the total annual dose．and that from the U chain represents 24％ fsupposing 

relative effectiveness K=0．151 ，giving a combined 45％．The annual dose fronl the 

Th chain provides 6％ of total with 8％ coming fronl the U chain f 14％ combined)．The 

annual dose froln Th chain contributes 10％ to the total，with 7％ coming fronl the U 

chain f17％ coinbined1[21． 

From equations(9)(11)．the total uncertainty of the annual dose(used in the 

relationship：age=equivalent dose／annual dose)is： 

ED=[(0_026×0．45) +(0．099×0．14) +(0．10×0．17) ] ／=2．5％ 

If the entire Th／U ratio range(0 to。x。)is considered，ED becomes about 5．1％．Corn— 
paring either of these values to the uncertainty normally associated with the equivalent 

dose of around 10％ shows their effect on the age determination to be smal1． 

4．2 Quartz inclusion technique 

In quartz inclnsion technique。the annual (1ose froin the Th chain contributes 10％ 

of the total(1ose．with 16％ coming fronl the U chain．The annual—y dose froln Th chain 

contibutes 19％ of the total，with 12％ coming fronl the U chain[．21
．  

Again the total uncertainty in the annual dose will be： 

，D [(0．099×0．26) +(0．10×0．31) ] ／=4．1％ 

for the limited Th／U ratio range (8．3％for the 0 to∞range) 
5 SUM M ARY 

Generally．during TL dating of pottery and soil samples，the total count rate 

is measured rather than the “pair rate”．and a “central value”of 3．2 is assumed for 

the Th／U weight ratio in order to calculate the annual ， and dose．In this case a 

maximum possible error of士5．1％ is introduced for the fine grain technique and士8．3％ 

for the quartz inclusion technique(0 Th／U 。。)．In fact in most practical situations 

the Th／U ratio lies in the range 1．1 Th／U 9．5，so that the maximum possible 
errors introduced by the“central value”assumption become only 士2．5％ and士4．1％ 

respectively． 
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