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ALPHA DOSE ATTENUATION 
IN QUARTZ GRAINS FOR THERMOLUMINESCENCE DATING 

Archaeometry Project 
R i  S@ National Laboratory 
DK-4000 Roski l de , Denmark 

Fleming (1969) h a s  c a l c u l a t e d  t h e  a t t . enua t ion  o f  t h e  a l p h a  dose  from t h e  
uranium and thorium s e r i e s  i n  q u a r t z  g r a i n s  of c e r t a i n  s i z e s ,  Ai tken and 
Fleming (1972) used t h e s e  c a l c u l a t i o n s  t o  p r e d i c t  t h a t  t h e  a t t e n u a t i o n  o f  t h e  
a l p h a  dose i n  t h e  f i n e - g r a i n  t echn ique  of Zimmermari (1971) would be about  69;. 
A s  t h e  a l p h a  dose  c o n t r i b u t e s  t y p i c a l l y  only  about  40% o f  t h e  t o t a l  r a d i a t i o n  
dose  t o  t h e  f i n e  g r a i n s ,  t h i s  impl ied  t h a t  t h e r e  would be  a  d e c r e a s e  o f  only  
about  2.5% i n  t h e  o v e r a l l  e f f e c t i v e  dose.  I t  h a s  become q u i t e  usua l  f o r  u s e r s  
of t h e  f i n e - g r a i n  d a t i n g  method t o  r e g a r d  t h i s  a t t e n u a t i o n  f a c t o r  a s  n e g l i g i b l e  
when compared t o  o t h e r  p o s s i b l e  s o u r c e s  of e r r o r  i n  t h e  method and hence n o t  
t o  c o r r e c t  f o r  i t  i.n t h e  T L  age de te rmina t ion  (Ai tken ,  1978).  The purpose of 
t h i s  paper  is t o  p r e s e n t  t h e  r e s u l t s  of  t h e  c a l c u l a t i o n  of t h e  a l p h a  dose a t -  
t e n u a t i o n  i n  q u a r t z  g r a i n s  i n  t h e  s i z e  range 1 pm - 1 mm u s i n g  more s o p h l s t i -  
c a t e d  computer t e c h n i q u e s  than  were a v a i l a b l e  t o  Fleming (1.969) and t h u s  g i v e  
a  more e x a c t  and d e t a i l e d  d e s c r i p t i o n  of t h e  a t t e n u a t i o n  i n  q u a r t z  over  a  wider 
g r a i n  s i z e  range.  

Method o f  C a l c u l a t i o n  

The c a l c u l a t i o n  o f  t h e  a lpha  dose  a t t e n u a t i o n  was based on t h e  mathemat- 
i c a l  formalism developed by Char l ton  and Cormack (1962) ,  which was a l s o  t h e  
b a s i s  f o r  F l e m i n g l s  (1969) c a l c u l a t i o n s .  The c a l c u l a t i o n s  e s s e n t i a l l y  i n v o l v e  
t.he development o f  a  g e o m e t r i c a l  f a c t o r ,  Sa (x ) ,  which d e s c r i b e s  t h e  dose  a t  
a p o i n t  w i t h i n  a  non- rad ioac t ive  s p h e r e ,  a t  a  d i s t a n c e  X from t h e  i n t e r f a c e  
w i t h  a  su r round ing  r a d i o a c t i v e  matrix.  The theory  makes s i m p l i f y i n g  as-  
sumptions:  

a )  t h e  i o n i s i n g  p a r t i c l e s  a r e  e m i t t e d  i s o t r o p i c a l . l y  w i t h i n  t h e  
su r round ing  medium, and 

b )  t h e  e m i t t e d  p a r t i c l e s  t r a v e l  i n  s t r a i g h t  l i n e s .  

Both o f  t h e s e  assumpt ions  are v a l i d  f o r  t h e  a l p h a  p a r t i c l e s  e m i t t e d  by an 
homogeneous d i s t r i b u t i o n  of t h e  uranium and thorium s e r i e s  i n  a  c l a y  matr ix .  
I t  is f u r t h e r  assumed t h a t  t h e  q u a r t z  g r a i n s  c o n s t i t u t e  non-radioact ive  
s p h e r e s  w i t h i n  t h e  r a d i o a c t i v e  c l a y  matrix.  The a c t u a l  mathemat ica l  expres-  
s i o n s  f o r  Sa(x) a r e  g iven  by Char l ton  and Cormack (1962) ,  b u t  Howarth (1965) 
h a s  reduced t h e s e  t o  a more convenient  form f o r  numer ica l  e v a l u a t i o n .  The 
v a l u e s  o f  S ( X )  r e q u i r e d  h e r e  were taken  from Howarthls t a b l e s  f o r  a  s p h e r i c a l  
i n t e r f a c e .  a 

I n  o r d e r  t o  a s s e s s  t h e  mean absorbed dose  i n  a  q u a r t z  g r a i n ,  t h e  v a l u e s  
of  S  ( X )  were i n t e g r a t e d  numer ica l ly  over  t h e  g r a i n  volume f o r  d iamete r s  from 
1 pmaup t o  1 mm. T h i s  i n t e g r a t i o n  was performed by a computer programme f o r  
numer ica l  i n t e g r a t i o n  on a  Univac 1100 s e r i e s  computer and t h e  resglts a r e  
shown g r a p h i c a l l y  i n  F i g u r e  1 f o r  t h e  uranium and thorium s e r i e s .  Sa is t h e  
mean absorbed dose  i n  a  q u a r t z  g r a i n  of g iven d iamete r  e x p r e s s e d  a s  a  f r a c t i o n  
o f  t h e  dose  which wouLd be absorbed by an i n f i n i t e s i m a l l y  s m a l l  g ra in .  The 
numerical  v a l u e s  f o r  S f o r  each g r a i n  d iamete r  a r e  g iven i n  Table  1. a 
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Table 1 

- 
Mean Absorbed Dose Fract . ions,  So? i n  q u a r t z  Grains  of  Various Diameters f o r  
t h e  Uranium and Thorium R a d i o a c t ~ v e  Decay S e r i e s .  

Grain 
Diameter (pm) 

Uranium 
series 

Thorium 
series 

Use o f  t h e  A t t enua t ion  F a c t o r s  

I t  must be s t r e s s e d  t h a t  t h e  d a t a  given i n  Table  1 apply  on ly  t o  t h e  
c a s e  o f  non- rad ioac t ive  q u a r t z  g r a i n s  embedded i n  a c l a y  ma t r ix  having an 
homogeneous d i s t r i b u t i o n  o f  t h e  uranium and thorium series. S inghvi  and 
Zimmerman (1979) have shown, however, t h a t  i n  many f ine -g ra in  samples f e l d s p a r s  
can be t h e  dominant TL minera l s .  Therefore  t h e  mean absorbed dose f r a c t i o n s  
f o r  1-8 pm g r a i n s  o f  potassium f e l d s p a r  were c a l c u l a t e d  and compared t o  t hose  
f o r  q u a r t z  i n  t h e  same s i z e  range. They were found t o  be less than  1% d i f f e r e n t  
from each o ther .  The same c a l c u l a t i o n s  were performed f o r  100 pm g r a i n s  bu t  
he re  t h e  d i f f e r e n c e  between t h e  q u a r t z  and f e l d s p a r  f a c t o r s  was found t o  be 
about  7%, due t o  t h e  f a c t  t h a t  t h e  a lpha  p a r t i c l e s  have a g r e a t e r  range i n  
t h e  f e l d s p a r  which i n  t u r n  r e s u l t s  i n  a s m a l l e r  a t t e r iua t ion  o f  t h e  dose. 
Hence, t h e  d a t a  given i n  Table  1 can s a f e l y  be a p p l i e d  t o  most f ine-gra in  
samples ,  bu t  f o r  l a r g e r  g r a i n  s i z e s  t h e  d a t a  should on ly  be used f o r  q u a r t z ,  



There w i l l  be c e r t a i n  samples ,  however, f o r  which t h e  r a d i o a c t i v i t y  
c o n t e n t  o f  t h e  TL g r a i n s  themselves ,  f e l d s p a r  o r  q u a r t z ,  w i l l  n o t  be neg- 
l i g i b l e .  I n  t h e s e  cases t h e  above d a t a  w i l l  still be v a l i d  f o r  t h e  matr ix  
a lpha  dose t o  t h e  g r a i n s  b u t  account  w i l l .  a l s o  have t o  be taken o f  t h e  s m a l l  
i n t e r n a l  dose from any r a d i o a c t i v i t y  wi th in  t h e  g ra in s .  

I t  is worth n o t i n g  h e r e  t h a t  t h e r e  a r e  c e r t a i n  o t h e r  f a c t o r s ,  i n  a d d i t i o n  
t o  t h e  g r a i n  s i ze  a t t e n u a t i o n ,  which mus t  be inc luded  i n  t h e  de te rmina t ion  of  
t h e  a lpha  dose t o  a  p a r t i c u l a r  g r a i n  s ize  range. The most impor tan t  o f  t h e s e  
is t h e  a lpha  e f f i c i e n c y  f a c t o r  which d e s c r i b e s  t h e  r e l a t i v e l y  low e f f i c i e n c y  
o f  a l p h a  p a r t i c l e s  a t  producing TL compared t o  t h a t  o f  b e t a  and gamma r a d i a t i o n .  
Th i s  phenomenon has  been desc r ibed  i n  d e t a i l  e lsewhere by Zimmerman (1971, 
1972) and by Aitken and Bowman (19751, bu t  it  should be remembered t h a t  f o r  
l a r g e r  g r a i n s  a t  least ,  t h e  a lpha  e f f i c i e n c y  may vary r a d i a l l y  wi th in  t h e  g r a i n  
due t o  t h e  d i f f u s i o n  of  i m p u r i t i e s  i n t o  t h e  o u t e r  l a y e r s  a s  mentioned by Bell 
and Zimmerman (1978). Other f a c t o r s  which must a l s o  be taken i n t o  account. i n  
t h e  a lpha  dose de t e rmina t ion  a r e  t h e  e f f e c t  o f  grollnd water  on the  dose-rate  
(Zimmerman, 1971) and t h e  p o s s i b l e  escape  of radon from t h e  sample (Zimmerman, 
1971; Desai  and Aitken,  1974). 

Although t h e  d a t a  of Table  1 may be used f o r  a l l  g r a i n  s i z e s  i n  t h e  range 
1 pm - 1 mm, t h e  two p r i n c i p a l  TL d a t i n g  methods employed today u t i l i s e  g r z i n s  
e i t h e r  i n  t h e  f i ne -g ra in  range of  1-8 pm o r  q u a r t z  i n c l u s i o n s  o f  approximately 
100 pm diameter .  The a t t e n u a t i o n  o f  t h e  a lpha  dose i n  100 pm q u a r t z  i n c l u s i o n s  
has  a l r e a d y  been s p e c i f i c a l l y  d e a l t  wi th  by Bell (1979),  s o  l e t  u s  look he re  i n  
a  l i t t l e  more d e t a i l  a t  t h e  f ine-gra in  s i z e  range. 

Zimmerman (1971) h a s  shown t h a t  t h e  s e p a r a t i o n  techniques  used i n  the  
f ine-gra in  d a t i n g  method g i v e  g r a i n s  i n  t h e  s i z e  range  1.4 pm and,  assuming 
e q u a l  numbers o f  a l l  s i z e s  i n  t h e  i n i t i a l  d i s t r i b u t i o n ,  t h i s  r e s u l t s  i n  an 
average  g r a i n  d i ame te r  of 5 pm, From Table 1 t h i s  p r e d i c t s  a  mean absorbed 
dose f r a c t i o n  f o r  f i n e  g r a i n s  of 0.947 f o r  t h e  uranium series and 0.955 f o r  
t h e  thorium series. For  t y p i c a l  concen t r a t i ons  of  t h e  two series t h i s  imp l i e s  
an aberage  a t t e n u a t i o n  o f  t h e  a lpha  dose i n  f i n e  g r a i n s  o f  5%, i n  good agree- 
ment wi th  t h e  f i g u r e  of 6% given  e z r l i e r  by Aitken and F'leming (1972). A s  
mentioned above, because of t h e  low e f f i c i e n c y  of a lpha  p a r t i c l e s  a t  induc ing  
TL ( e f f i c i e n c y  f a c t o r s  a r e  of t h e  o rde r  of  0.1),  t h e  a lpha  dose  contr ibut .es  
t y p i c a l l y  on ly  about  40% of t h e  t o t a l  r a d i a t i o n  dose,  wi th  t h e  remainder coming 
from t h e  b e t a ,  gamma and cosmic r ay  doses.  Hence a 5% a t t e n u a t i o n  i n  t h e  a lpha  
dose w i l l  normally r e s u l t  i n  only a  2% decrease  i n  t h e  t o t a l  dose  and thus  only 
a  2% i n c r e a s e  i n  t h e  TL age. 

Never the less ,  now t h a t  t h e  a t t e n u a t i o n  f a c t o r  is a c c u r a t e l y  known f o r  t he  
f ine-gra in  method and u n l e s s  any o t h e r  compl ica t ions  (such a s  s i g n i f i c a n t  
i n t e r n a l  r a d i o a c t i v i t y  w i th in  t h e  g r a i n s )  a r e  suspec t ed ,  t h e r e  appears  t o  be 
no reason  t o  n e g l e c t  t h e  c o r r e c t i o n  even though t h e  e r r o r  i n  do ing  s o  would 
probably be much smaller than  o t h e r  p o s s i b l e  e r r o r s  i n  t h e  d a t i n g  method. 

There can,  however, be c e r t a i n  c i rcumstances  (such a s  an e x c e p t i o n a l l y  
high a lpha  e f f i c i e n c y  f a c t o r  and/or a  very low potassium c o n t r i b u t i o n )  which 
would imply t h a t  t h e  a lpha  dose would c o n t r i b u t e  g r e a t e r  than  40% o f  t h e  t o t a l  
dose  and hence t h e  a lpha  dose a t t e n u a t i o n  would be more s i g n i f i c a n t .  This  car1 
be i l l u s t r a t e d  t o  some degree  by the  TL d a t i n g  o f  a  deep-sea sediment  core  a s  
desc r ibed  by Wintle and Huntley (1979). These a u t h o r s  used f i n e  g r a i n s  i n  t h e  
s i z e  range 4-11 pm and found t h e  g r a i n s  t o  c o n s i s t  most ly  o f  c l a y  minerals .  
Using t h e  d a t a  presen ted  h e r e  f o r  qua r t z  g i v e s  an a lpha  dose a t t e n u a t i o n  o f  
10% f o r  t h i s  s i z e  range. The potassium c o n t e n t  of  t h e  c o r e  is low and, f o r  
t h e  younger samples a t  l e a s t ,  t h e  r a d i a t i o n  dose comes predominant ly  from pre- 
c i p i t a t e d  thorium-230. Hence f o r  t h i s  p a r t i c u l a r  d a t i n g  programme, t h e  a lpha  



c o n t r i b u t i o n  t o  t h e  o v e r a l l  r a d i a t i o n  dose is g r e a t e r  than 50% and n e g l e c t  
o f  t h e  a lpha  dose  a t t e n u a t i o n  f a c t o r s  w i l l  r e s u l t  i n  TL ages  which a r e  more 
than 5% t o o  young, assuming n e g l i g i b l e  i n t e r n a l  r a d i o a c t i v i t y  w i th in  t h e  
g r a i n s .  
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