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Introduction 

Fleming (1976), while summarizing the  present s t a t e  of a r t  of TL da t ing  
technique i n  archaeology, has put  t h e  e r r o r  est imate of TL age determination 
a t  i 7 t o  10% contrtbuted by u n c e r t a i n t i e s  i n  f a c t o r s  such as spurious TL, 
alpha e f f i c iency ,  supra l inea r i ty ,  anomalous fading, water uptake and radon 
escape. I n  routinue work the re  is  of ten  a tendency t o  do away with t h e  
absolute  determination of Th and U impurity contents  i n  t h e  po t t e ry  and 
measure only the  gross alpha a c t i v i t y  and ca lcu la te  t h e  dose r a t e s  assuming 
a TH/U weight r a t i o  of about 3.16 (Aitken, 1976) ; t h i s  w i l l  be y e t  anotheg 
f a c t o r  contributing t o  t h e  e r r o r  l i m i t s  f o r  t h e  TL age determfnations. There 
is  a l s o  a p rac t i ce  of assuming t h e  e n t i r e  alpha ac t i -v i tp  of t h e  p o t t e r y  a s  due t o  
urani,un and an e r r o r  es t imate  of  about 6% is of ten  quoted f o r  t h e  f inal .  TT, age ob- 
tained (Tite, 1968). Aitken and Alldred (1972) assumed t h a t  t h e  f r a c t i o n  of t o t a l  
alpha counts which a r i s e s  from t h e  2 3 2 ~ h  series is (0.35 ,i 0.1) and accordingly 
have given e r r o r  l i m i t s  f o r  t h e i r  dose race  conversion f a c t o r s  t o  take  c a r e  of 
t h e  uncer ta in ty  i n  Th/U r a t i o .  

I n  t h i s  paper t h e  e r r o r  i n  the  TL age i s  estimated when t h e  Th/U r a t i o  i s  
not  determined but  only t h e  gross  alpha count r a t e  i s  measured from an i n f i n i t e l y  
th ick  sanp1.e a s  has been suggested by Tite-  and IJaine (1962) ; t h e  b e s t  va lue  t o  
assume f o r  t h e  T ~ / U  r a t i o  is  taken t o  be t h a t  f o r  which t h e  dose r a t e  i s  t h e  
median val.ue between t h e  extreme L i m i t s  T ~ / U  = 0 and T ~ / U  =W. 

Dose r a t e  conversions 

Bell (1976, 1977) has ca lcula ted  t h e  conversion f a c t o r s  from gross alpha 
count r a t e s  t o  annual dose r a t e s  from alpha, be ta  and gamma r a d i a t i o n  f o r  a 
typ ica l  pot tery  containing Th and U i n  the r a t i o  of 3.167. Making use  of t h e  
same bas ic  da ta  provided by him, ca lcu la t ion  of dos@ r a t e  conversion f a c t o r s  f o r  
t h e  gross alpha count r a t e s  a r e  made f o r  a r b i t r a r y  Thorium and Uranium concentra- 
t i o n s  a t  Th/U weight r a t i o s  covering che e n t i r e  range 0 - < Th/U and assuming 
secu la r  equilibrium condit ions (Table 1 ) .  

I n  practLcal app l i ca t ions  when a p a r t i c u l a r  gross alpha count r a t e  is 
obtained on a po t t e ry  sample, one i s  i n t e r e s t e d  t o  know t h e  conversion f a c t o r  
t o  be used t o  obta in  the  dose r a t e  and t h e  uncer ta in ty  involved owing t o  t h e  
unknown r e l a t i v e  concentrat ions of Th and U i n  the  sampl.e, This is  b e s t  
i l l u s t r a t e d  by a p l o t  of t h e  dose r a t e  conversion f a c t o r s  a g a i n s t  Th/U con- 
cen t ra t ion  r a t i o  (Figure 1) .  All t h e  three  curves f o r  a ,  B,  and y approach 
asymptot.lcally t h e  l imi t ing  values  corresponding t o  0 < Th/U <*and t h e  median 
values f o r  t h e  t h r e e  components correspond t o  a T ~ / U  czncentrz t ion r a t i o  of 
about 3.55 a s  shown 3.n t h e  f igure .  I n  t h e  absence of a knowledge about the 
r e l a t i v e  concentrat ions of Th and U when only t h e  gross alpha surface  emission 
r a t e  Ca is  known, i t  then follows t h a t  t h e  re levant  dose r a t e s  (Da, D B  and D ) 
should be obtained a s  follows: Y 

Da = 500.6 Ca & 3.3% mrad. y<l . . . . . . . (1) 
DB = 23.0 Ca 518.3% mrad. y<l . . . . . . . (2) 
Dy = 27.5 C, +22.5% mrad. , . . , . . . (3) 



Table L 

9 

Dose r a t e  conversion fac tors  

U T h  T ~ / U  Gross alpha Dose r a t e  conversion f ac to r s  
PPm PPm surface  mrad . yr .-l per alpha emitted 

emission r a t e  per cm2hr 
hr-l .-- p -- 

alpha be ta  gamma 

Ca D a 
D 
Y 

V A ~ A T ~ O N  IN OOSE RATE CONVERSION FAC;ORS FOR MR~OUS T ~ / V  CONCENTRAT~OH RATIOS 
IN POTTERIES (THE MEDIAN VALUES FOR THE CONVERSION FACTORS OCCUR WHEN T ~ / U  
CONCENTbATlON RATIO IS 3 5 s )  



The constants  i n  t h e  above equations r e f e r  t o  conversion f a c t o r s  obtained a t  a 
T ~ / u  r a t i o  of 3.55 i n  Figure 1; t h e  extent  of v a r i a t i o n s  poss ib le  i n  t h e  con- 
vers ion f a c t o r s  when t h e  ac tua l  Th/U r a t i o  l i e s  anywhere between 0 and w a r e  
indicated  by the  percentage f a c t o r s .  A t  half  the  given e r r o r  v a r i a t i o n s ,  t h e  
Th/U concentrat ion r a t i o  l i m i t s  correspond t o  1 . 2  and 10.5 a s  can be seen 
from the  f fgure  and these  represen t  more o r  l e s s  the  p r a c t i c a l  range i.n 
which most of t h e  po t t e ry  samp3.e~ can be found t o  possess t h e  Th and U 
impur i t ies .  Hence f o r  a l l  p r a c t i c a l  purposes, the  e r r o r s  involved i n  t h e  
dose r a t e  est imates due t o  uncer ta in ty  i n  t h e  T ~ / U  r a t i o  w i l l  be only 
f 1.7%, 9.2%, and 11.3% respec t ive ly  for  t h e  a, B and y components. 

The equations ar r ived a t  above a r e  of most general app1,icabil i ty and t h e  
e r r o r  limits a r e  s i g n i f i c a n t l y  d i f f e r e n t ,  compared t o  what can be surmised from 
t h e  f indings of Aitken and Alldred (1972): 

- 1 = 146.0 C; f 0.7% mrad. ~ r - ~  . . . . .  o . ( l )  
= 6.2 CA i. 3.9% mrad. y r  . . . . . . . (2) 

D~ = 8,8 C; i. 6.8% mrad . yr-l  . . . . . . (3) 

where C l  is the  gross  alpha counts per  kilosecond ( for  a t h i c k  source of diameter 
42 mm and f o r  85% counting e f f i c iency)  and t h e  constants  r e f e r  t o  conversion fac- 
t o r s  obtained assuming the  f r a c t i o n  of the  t o t a l  counts which a r i s e s  from t h e  
2 3 2 ~ h  seri.es t o  be (0,35 f 0.1.). 

Error i n  TL age .estimates. 

To calcul.ate t h e  e r r o r  component i n  t h e  TL age est imates of p o t t e r y  samples 
due t o t h e  above recommended dose r a t e  conversion f a c t o r s  f o r  gross a count 
rate, t h e  two usual ly  adopted TL dat ing procedures have t o  be separa te ly  
considered: (L) In t h e  f i n e  g r a i n  da t ing  method, it can b e  assumed t h a t  the 
archaeological ly s i g n i f i c a n t  equivalent  dose i s  const i tu ted  by a 50% alpha 
component and a 10% be ta  component from Th and U chains i n  equil ibrium; (2) 
I n  t h e  quartz inc lus ion da t ing  method, it can be assumed t h a t  t h e  archaeological ly  
s i g n i f i c a n t l y  equivalent  dose i s  const i tu ted  by a 25% beta  component from t h e  Th 
and U chains i n  equilibrium. The above assumption9 a r e  borne out  of a v a i l a b l e  f 
published da ta  on a l a r g e  number of po t t e ry  samples (Aitken et  al, ,  1968; Fleming, 
1970; Zimmerman, 1971; Aitken et a1.,.1971; Sasi.dharan et  a1.,1975). Accordingly, 
the  e r r o r  components t h a t  w i l l  be r e f l e c t e d  i n  t h e  TL age es t imate  are given 
below i n  Table 2, 

Table 2 Error  component i n  TL age es t imate  

TL dat ing method Error component involved i n  the  age es t imate  i f  a 
nominal Th/U weight r a t i o  of 3,55 i s  assumed f o r  t h e  
gross  alpha a c t i v i t y  
when 0 .- < Th/U < W - when 1.2 - c Th/U - c 10.5 

l. Fine g ra in  method + 3.5% 2 1.8% 

2. Quartz inc lus ion method i. 4,6% + 2.3% 



It is obvious that in rare occasions when there is not much K in a pottery sample, 
the error component due to uncertainty i.n Th/U ratio will be substantially more. 

Conclusion 

Thus, the calcu!Jations presented above lead to the following recommendations 
for TL age estimations using (Th I... U) gross alpha count rates (under secular 
equilibrium): (1) the dose rate conversion factors to be used for a ,  B and y 
components of (Th +U) present in pottery are respectively 500.6, 23.0 and 
27.5 mrad. yr-' per alpha emitted per cm2hr, and these correspond to a Th/U 
concentration ratio of 3.55 and (2) the error component appearing in the final 
TL age estimate due to the above assumption will be + 4% to 5% for 0 < Th/U < crC 
and will be practically only about + 2% (for 1.2 .- c Th/U -. 10.5) in most of txe 
samples. 
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