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BFTA SOllRCE CALIBRATION: S C E  PROBLEMS ASSOCIATED WITH THE 
UTILI7ATICN OF THE GAVN IRRADIATION OF WARP AND OTHER PHOSPHORS 

PART I 

W .  T. Be17 
Archaeometry Project, R i s ~  National Laboratory 

DK-4000 Roskilde, Denmark 

I N T R O D U C T I O N  - PAGT I - 
The problem of b e t a  s o u r c e  c a l i b r a t i o r ,  h a s  been d i s c u s s e d  i n  some d e t a i l  

r e c e n t l y  (Lf int le  and Ai tken,  1977; Wint le  and f lurray,  19'77; f lurray and W i n t l e ,  
1979) and t h e  methods sugges ted  f o r  c a l i b r a t i o n  have u s u a l l y  been based on 
t h e  u s e  o f  a  TL phosphor such a s  ca lc ium ' l u o r i d e  f o r  in tercompar i r lg  t h e  b e t a  

l s o u r c e  w i t h  a  w e l l - c a l i b r a t e d  gamma s o u r c e .  Ai tken (1979) proposed t h e  i n t e r -  
l a b o r a t o r y  c a l i b r a t i o n  o f  b e t a  s o u r c e s  u s i n g  100 pm g r a i n s  o f  n a t u r a l  f l u o r i t e  
and t h e n  c a l c u l . a t i o n  o f  t h e  e q u i v a l e n t  dose - ra te  t o  q u a r t z .  He d i d  s u g g e s t ,  
however, t h a t  q u a r t z  i t s e l f  would be a b e t t e r  phosphor t o  u s e  i f  s u f f i c i e n t  
q u a n t i t i e s  p o s s e s s i n g  s a t i s f a c t o r y  1L. c h a r a c t e r i s t i c s  were a v a i l a b l e .  Pe rn icka  
and Wagner (1979)  d e s c r i b e d  t h e  u s e  of commercial ly a v a i l a b l e  llerck q u a r t z  
f o r  b e t a  s o u r c e  c a l i b r a t i o n  and proposed t h a t  i r r a d i a t e d  samples  of t h i s  q u a r t z  
c o u l d  b e  d i s t r i b u t e d  f o r  i n t e r l a b o r a t o r y  c a l i b r a t i o n .  Although t h e  use  o f  
q u a r t z  f o r  c a l i b r a t i o n  purposes  e x c l u d e s  t h e  u n c e r t a i n t y  invo lved  i n  t h e  c a l -  
c u l a t i o n  o f  t h e  d o s e - r a t e  t o  q u a r t z  from t h e  measured d o s e - r a t e  t,o t h e  TL 
phosphor,  c a r e  must s t i l l  be a p p l i e d  t o  every  d e t a i l  o f  t h e  procedure  i n  o r d e r  
t h a t  t h e  most a c c u r a t e  r e s u l t  p o s s i b l e  may be  a t t a i n e d .  

Th i s  paper  h a s  been prompted p a r t l y  by t h e  l a c k  o f  adherence t o  t h i s  
l a t t e r  p r i n c i p l e  by P e r n i c k a  and Wagner (1979) - r e s u l t i n g  i n  a  minor un- 
c e r t a i n t y  i n  t h e i r  s o u r c e  c a l i b r a t i o n  - and p a r t l y  by t h e  d e s i r e  t o  r ecoun t  
some o the r  c o m p l i c a t i n g  f a c t - o r s  a s s o c i a t e d  w i t h  t h e * t r a n s p a r e n c y  of t h e  q u a r t z  
g r a i n s  themse lves  which can a l s o  have i m p o r t m t  e f f e c t s  f o r  TL d a t i n g .  I n  
P a r t  I ,  g iven  h e r e ,  t h e  e f f e c t s  of t h e  gamma i r r a d i a t i o n  of m a t t e r  i n  g e n e r a l  
and i n  p a r t i c u l a r  t h e  problems which a r i s e  when a n  i n t e r f a c e  d i v i d e s  two d i f -  
f e r e n t  media b e i n g  i r r a d i a t e d  by gamma r a y s  a r e  d e s c r i b e d .  I n  P a r t  11, whlch 
w i l l  be  p u b l i s h e d  i n  t h e  n e x t  i s s u e  of  t h i s  n e w s l e t t e r  (No. 11, June 1980) ,  
t h e  i r r a d i a t i o n  o f  q u a r t z  g r a i n s  f o r  b e t a  s o u r c e  c a l i b r a t i o n  purposes  is d i s -  
cussed  and some unwelcome phenomena a s s o c i a t e d  w i t h  t h e  t r a n s p a r e n c y  o f  t h e  
q u a r t z  g r a i n s  a r e  d e s c r i b e d .  

l 

THE EFFECTS OF GAlltlA IRRADIATION OF HATTER 
1 

I n  t h e  energy  range and f o r  t h e  m a t e r i a l s  of  i n t e r e s t  t o  u s ,  t h e  primary 
i n t e r a c t i o n  o f  t h e  gamma r a y s  (pho tons )  w i t h  a b s o r b e r  atoms is v i a  t h r e e  
q u i t e  d i s t i n c t i v e  p r o c e s s e s :  - 

(i) The p h o t o e l e c t r i c  e f f e c t :  a  photon g i v e s  up a l l  o f  i ts energy t o  
a bound e l e c t r o n  ( u s u a l l y  from t h e  K o r  L s h e l l )  which is  then  e j e c t e d  
from t h e  atom w i t h  a  k i n e t i c  ene rgy  e q u a l  t o  t h e  i n c i d e n t  photon energy 
minus t h e  b i n d i n g  energy o f  t h e  e l e c t r o n  i n  t h e  atom. T h i s  e f f ' e c t  is 
p a r t i c u l a r l y  i m p o r t a n t  a t  low photon e n e r g i e s ,  i.e. less than  100 KeV, 
and f o r  h i g h  a tomic  number a b s o r b e r s .  The p h o t o e l e c t r i c  a b s o r p t i o n  
c o e f f i c i e n t  v a r i e s  r a p i d l y  w i t h  a t o m i c  number Z ,  approx imate ly  a s  
24. 



( i i )  The Compton e f f e c t :  a  photon is s c a t t e r e d  from i ts  o r i g i n a l  d i r e c t i o n  
of  motior? by a c o l l i s i o n  wi th  an  a tomic  e l e c t r o n ,  T h i s  r e s u l t s  i n  a 
Compton s c a t t e r e d  photon and a Compton r e c o i l  e l e c t r o n .  The Compton 
e l e c t r o n s  w i l l  have a range of e n e r g i e s  d i s t r i b u t e d  around a mean value .  
Compton s c a t t e r i n g  is  i m p o r t a n t  f o r  photon e n e r g i e s  around 1 fleV and f o r  
low and medium v a l u e  a tomic  number m a t e r i a l s .  The compton s c a t t e r i n g  
c o e f f i c i e n t  is a lmos t  independent  o f  Z.  

( i i i )  P a i r  p roduc t ion :  a photon t r a v e l l i n g  i n  t h e  f i e l d  of a n u c l e u s ?  
and to  some d e g r e e  t h e  f i e l d  o f  an  e l e c t r o n ,  can be comple te ly  a n n i h i l a t e d  
g i v i n g  rise t o  a n  e l e c t r o n - p o s i t i o n  p a i r .  P a i r  p r o d u c t i o n  predominates  
a t  h i g h  photon e n e r g i e s  and f o r  h i g h  a tomic  number m a t e r i a l s .  A minimum 
t h r e s h o l d  photon energy of  .1.02 MeV is r e q u i r e d  f o r  p a i r  p r o d u c t i o n  i n  
t h e  f i e l d  o f  a n u c l e u s ,  and a t h r e s h o l d  o f  2.04 IleV is r e q u i r e d  i n  t h e  
f i e l d  o f  an  a t o m i c  e l e c t r o n .  

These t h r e e  e f f e c t s  a r e  d e s c r i b e d  i n  d e t a i l  by Evans (1958,  1968) and 
Davisson (1968) .  

Thus t h e  i n t e r a c t i o n  of gamma r a y s  wi th  m a t t e r  u s u a l l y  i n v o l v e s  t h e  
p roduc t ion  of  e n e r g e t i c  secondary e l e c t r o n s  and it is t h e  i n t e r a c t i o n  of 
t h e s e  secondary e l e c t r o n s  which  account.^ predominant ly  f o r  t h e  i o n i z a t i o n  
and e x c i t a t i o n  of t h e  a b s o r b e r  atoms. For  example, t h e  i n t e r a c t i o n  o f  a 
1 lleV gamma r a y  t r a v e l l i n g  i n  q u a r t z - l i k e  m a t e r i a l  w i l l  produce a secoridary 
e l e c t r o n  whose most p robab le  energy w i l l  be 440 KeV. T h i s  e l e c t r o n  can then  
go on t o  i o n i z e  over  10,000 f u r t h e r  atoms b e f o r e  be ing  b rough t  t o  rest. The 
e l e c t r o n s  l i b e r a t e d  i n  t h e s e  i o n i z a t i o n s  can themselves  go on t o  produce 
f u r t h e r  showers of lower  energy e l e c t r o n s  and t h i s  p r o c e s s  c o n t i n u e s  u n t i l  
a l l  of t h e  energy impar ted  by t h e  i n i t i a l  photon c o l l i s i o n  i s  d i s s i p a t e d  
w i t h i n  t h e  m a t e r i a l .  

Within  t h e  bulk  of  a gamma-irradiated m a t e r i a l  t h e r e  w i l l  e x i s t  an 
e q u i l i b r i u m  f l u e n c e  o f  e l e c t r o n s  where t h e  number o f  e l e c t . r o n s  produced w i t h i n  
a s m a l l  volume is ba lanced  by t h e  number absorbed.  A t  t.he s u r f a c e  of a 
m a t e r i a l  exposed t o  a gamma r a y  beam, however, t . h i s  e q u i l i b r i u m  w i l l  n o t  
exist because  t h e r e  w i l l  have been no e l e c t . r o n s  produced b e f o r e  t h e  s u r f a c e .  
A s  we move i n t o  t h e  m a t e r i a l ,  t h e  i n c r e a s e  i n  t.he p r o d u c t i o n  o f  e l e c t r o n s  
i n i t i a l l y  outweighs  t h e  i n c r e a s e  i n  a b s o r p t i o n ,  s o  t h a t  t h e  e l e c t r o n  f l u e n c e  
b u i l d s  up u n t i l  e v e n t u a l l y  t h e  p r o d u c t i o n  and a b s o r p t i o n  r a t e s  become e q u a l  
and e q u i l i b r i u m  v a l u e  is a t t a i n e d .  T h i s  secondary e l e c t r o n  e q u i l i b r i u m  
is  ach ieved  a t  a  d i s t a n c e  from t h e  s u r f a c e  of t h e  r i a t e r i a l  e q u a l  t o  t h e  
average  range o f  t h e  i n i t i a l  photon c o l l i s i o n  e l e c t r o n s .  Thus t h e r e  w i l l  be 
a t h i n  s u r f a c e  l a y e r  of  t h e  m a t e r i a l  i n  which t h e  e q u i l i b r i u m  v a l u e  o f  t h e  
e l e c t r o n  f l u e n c e  is  be ing  b u i l t .  up and t h e  r e l a t i v e  importance  8 f  t h i s  l a y e r  
w i l l  depend on t h e  a c t u a l  dimensions o f  t h e  m a t e r i a l  b e i n g  i r r a d i a t e d .  

The f o l l o w i n g  t h r e e  c a s e s  w i l l  now b e  cons ide red :  

( i )  t h e  d.imensions of t h e  i r r a d i a t e d  m a t e r i a l  a r e  l a r g e  compared t o  t h e  
secondary e l e c t r o n  range ,  

( i i )  t h e  d imensions  a r e  s m a l l  compared t o  t h i s  r ange ,  and 

( i i i )  t h e  d imensions  a r e  comparable t o  t h e  range.  

F i g u r e  1 shows t h e  gamma i r r a d i a t i o n  i n  a i r  o f  n TL phosphor whose 
dimensions  a r e  l a r g e  compared t.o t h e  average  secondary e l e c t r o n  range ,  s o  
t h a t  t h e  s u r f a c e  l a y e r  i n  which secondary e q u i l i b r i u m  is b e i n g  b u i l t  up w i l l  
be very  s m a l l  compared t o  t h e  t o t a l  phosphor volume. Thus t h e  build-up l a y e r  
can be  n e g l e c t e d  and i t  can be assumed t h a t  secondary e q u i l i b r i u m  e x i s t s  
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FIGURE 1: The Gamma I r r a d i a t i o n  i n  Air of  a TL Phosphor 
whose Dimensions a r e  Large compared t o  t h e  
Average Secondary E l e c t r o n  Range (Range). Secondary 
e l e c t r o n  e q u i l i b r i u m  e x i s t s  w i t h i n  t h e  bu lk  o f  t h e  
phosphor e x c e p t  f o r  t h e  t h i n  s u r f a c e  l a y e r  i n  which 
it is b e i n g  b u i l t  up, 

throughout  t h e  phosphor volume. However two a d d i t i o n a l ,  a l t h o u g h  r e l a t i v e l y  
s m a l l ,  e f f e c t s  a r e  n e g l e c t e d  i n  t h i s  assumption - ( i )  t h e  
r i r n a x ~ m m  .&hh---%-_attg~ K---- bul ld-up o f  secondary ,  s c a t t e r e d  photons .  

d i r e c t i o n s  though,  and f o r  t h e  s i t , u a t i o n s  c o n s i d e r e d  h e r e  t h e y  w i l l  t e n d  t o  
be s e l f - c a n c e l l i n g ,  The dose  d e p o s i t e d  i n  t h e  phosphor by t h e  gamma beam is 
given by,  

D = 0.869 X phosphor X X (1) 

(bn'" a i r  

where D is t h e  dose  t o  t h e  phosphor i n  r a d s  ( 1  Gray = 100 r a d s ) ,  

X is t h e  gamna exposure  i n  9Bntger1, 

0.869 i s  t h e  number o f  r a d s  d e p o s i t e d  i n  a i r  by an exposure  o f  one RBntgen, 
&L$ k% p&%% 

and (pen'p) phosphor,  a i r  a r e  t h e  photon mass-energy a t t e n u a t i o n  2 c o e f f i c i e n t s  

f o r  t h e  phosphor and a i r  r e s p e c t i v e l y ,  i n  cm /gm a t  t h e  energy o f  
the gamma r a y s .  



Hence t h e  d o s e  t o  t h e  phosphor w i l l  be d e l i v e r e d  by t h e  secondary , e l e c t . r o n s  
e n t e r i n g  t h e  phosphor volume from t h e  build-up medium. I f  t h e  t h i c k n e s s  o f  
t h i s  bui ld-up medium is s u f f i c i e n t  t o  g i v e  secondary e l e c t r o n  e q u i l i b r i u m  
t h e n  t h e  dose  t o  t h e  phosphor is given by, 

S 
D = 0.869 X 

('en") medium m phosphor 
X 

S 
X X 

(%en') a i r  m medium 

where S a r e  t h e  mass e l e c t r o n  s t o p p i n g  powers f o r  t h e  m phosphor,medium 2 phosphor and medium r e s p e c t i v e l y ,  i n  MeV. cm /gm, a t  t h e  mean secondary  
e l e c t r o n  energy .  

I n  t h e  i n t e r m e d i a r y  s i t u a t i o n ,  phosphor d imensions  comparable t o  t h e  
secondary e l e c t r o n  r a n g e ,  t h e  dose  t o  t h e  phosphor w i l l  come p a r t l y  from 
e l e c t r o n s  g e n e r a t e d  i n  t h e  build-up medium and p a r t l y  from e l e c t r o n s  produced 
w i t h i n  t h e  phosphor i t s e l f .  I n  t h i s  c a s e ,  C h a r l t o n  and Cormack (1962) have 
shown that., assuming t h e  e l e c t r o n s  a r e  g e n e r a t e d  i s o t r o p i c a l l y ,  t h e  dose  
a t  any p o i n t  X wit.hir1 t h e  phosphor,  D(x) ,  w i l l  b e  g iven by, 

S 
D ( x )  =0.869 X ('en'~)mediurn m phosphor 

X - X G(x) + ('en/')phosphor 

('enlf')air m S medium ('en")a.ir 

where G(x) is  t h e  g e o m e t r i c a l  f u n c t i o n  f o r  a p l a n e  i n t e r f a c e  d e f i n e d  by 
Char l ton  and Cormack (1962). 

It can b e  s e e n  t h a t  e q u a t i o n  ( 3 )  is a combinat ion o f  e q u a t i o n s  ( 1 )  and 
( 2 )  t o g e t h e r  w i t h  t h e  g e o m e t r i c a l  f u n c t i o n  G(x). I t  must b e  remembered, 
however, t h a t  t h e  assumpt ion of i s o t r o p i c  e l e c t r o n  g e n e r a t i o n  w i l l  n o t  a lways  
be v a l i d  p a r t i c u l a r l y  f o r  low a tomic  number m a t e r i a l s  and h i g h  photon e n e r g i e s .  
Th i s  is  because  i n  low atomic  number m a t e r i a l s  t h e  s c a t t e r i n g  of t h e  h igh  
energy  e l e c t r o n s  g e n e r a t e d  by t h e  h i g h  energy  photons  is n o t  very  pronounced. 
Hence t h e  e l e c t r o n s  remain b i a s e d  i n  t h e i r  o r i g i n a l  d i r e c t i o n  o f  motion,  i.e. 
i n  t h e  d i r e c t i o n  o f  t h e  photons ,  and the s p a t i a l  c h a r a c t e r i s t i c s  o f  t h e  
e l e c t r o n  f i e l d  s h o u l d  be taken i n t o  accoun t  when d e t e r m i n i n g  t h e  dose  t o  t h e  
phosphor,  a l t h o u g h  t h i s  w i l l  n o t  always ~e p o s s i b l e .  Another p a r t i c u l a r l y  
complex e f f e c t ,  t h e  d i f f e r e n t i a l  s c a t t e r i n g  o f  e l e c t r o n s  a c r o s s  t h e  i n t e r f a c e  
between two media,  must a l s o  b e  t aken  i n t o  accoun t  when t h e  a tomic  numbers 
o f  t h e  two media 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  and t h i s  is d i s c r i b e d  below. 

E l e c t r o n  s c a t t e r i n q  a t  an  i n t e r f a c e .  

have shown t h a t  f o r  h i g h  energy  X-rays and 
terface s e p a r a t i n g  media of  d i f f e r e n t  a tomic  ._ # I , - Z  

g can ' E G G  a sZ@i fi'iZari'E-iSTET-i%Y Tfie.-cflose 
o f  t h e  i n t e r f a c e .  F i g u r e  2 is t a k e n  from 

D u t r e i x  and B e r n a r d ' s  (1966) work and it shows t h e  dose  d i s t r i b u t i o n  a t  t h e  
i n t e r f a c e s  between copper  and w a t e r  i r r a d i a t e d  by CO-60 gamma r a y s .  The 
e q u i l i b r i u m  e l e c t r o n  f l u e n c e  g e n e r a t e d  by t h e  photons  w i t h i n  t h e  copper  
r e g i o n  is composed o f  e l e c t r o n s  movinguin t h e  forward d i r e c t i o n ,  i.e. t h e  
same g e n e r a l  d i r e c t i o n  a s  t h e  photon beam, and e l e c t r o n s  which have been 
s c a t t e r e d  s o  t h a t  t h e y  a r e  movinq i n  t h e  backward d i r e c t i o n .  Within  t h e  



FIGURE 2: The Dose D i s t r i b u t . i o n  i n  Water i n  t h e  V i c i n i t y  of 
a n  I n t e r f a c e  wi th  Copper. The o r d i n a t e s  co r respond  
t o  t h e  r a t i o  o f  t h e  absorbed dose  D t o  t h e  d o s e  De 
i n  w a t e r  under e l e c t r o n i c  e q u i l i b r i u m  c o n d i t i o n s .  
The dott .ed c u r v e  cor responds  t o  t h e  dose  i n  an  i n -  
f i n i t e l y  s m a l l  mass o f  w a t e r  l o c a t e d  i n  t h e  copper  
and t h e  arrow shows t h e  d i r e c t i o n  of  t h e  CO-60 
gamma rays .  There is a n  underdosage i n  t h e  v i c i n i t y  
of t h e  copper-vat.er i n t e r f a c e  and an overdosage i n  
t h e  v i c i n i t y  o f  t h e  water-copper i n t e r f a c e .  

wa te r  r e g i o n  t h e  e l e c t r o n s  a r e  assumed t o  b e  moving p redominan t ly  i n  t h e  
forward d i r e c t i o n  a s  s c a t t e r i n g  is very  much less pronounced than  i n  copper  
and hence t h e r e  is  n e g l i g i b l e  b a c k - s c a t t e r e d  e l e c t r o n  f l u e n c e .  

A s  t h e  copper-water i n t e r f a c e  is approached ( F i g u r e  2 ) ,  t h e  backward 
component o f  t h e  e l e c t r o n  f l u e n c e  b e g i n s  t o  d e c r e a s e  as t h e  amount of back- 
s c a t t e r i n g  m a t e r i a l  d e c r e a s e s ,  s o  t h a t  a t  ttie i n t e r f a c e  o n l y  t h e  forward 
component o f  t h e  e l e c t r o n s  from t h e  copper  e x i s t s .  I n  t h e  w a t e r  behind t h e  
i n t e r f a c e ,  t h e  e l e c t r o n s  from t h e  copper  p r o g r e s s i v e l y  v a n i s h ,  b u t  a t  t h e  
same time t h e  e l e c t r o n  f l u e n c e  i n  w a t e r  is g e n e r a t e d  and b u i l d s  up t o  t h e  
e q u i l i b r i u m  value .  1 h e  a t t e n u a t i o n  o f  t h e  copper  e l e c t r o n s  is more r a p i d  
t h a n  t h e b u i l d - u p o f  t h e  w a t e r  e l e c t r o n s  and hence t h e  dose  d i s t r i b u t i o n  c u r v e  
p a s s e s  th rough  a minimum. 

As t h e  water-copper i n t e r f a c e  is approached t h e  number o f  b a c k - s c a t t e r e d  
e l e c t r o n s  from t h e  copper  b e g i n s  t o  i n c r e a s e  s o  t h a t  t h e  d o s e  a t  t h e  i n t e r -  
f a c e  is c o n s i d e r a b l y  h i g h e r  t h a n  t h e  e q u i l i b r i u m  d o s e  i n  wa te r .  In t h e  copper  
behind t h e  i n t e r f a c e  t h e  d o s e  d i s t r i b u t i o n  p a s s e s  through a nlaximum a s  t h e  
forward component o f  t h e  e l e c t r o n s  from t h e  copper  b u i l d s  up,  w h i l e  t h e  
water component is s i m u l t a n e o u s l y  a t t e n u a t e d .  The Q a n s i t i o n  zones  o f  under- 
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Carlsson (1973) showed tha t  electron sca t te r ing  m u s t  be taken in to  
consideration fo r  much lower photon energies (100 and 200 KeV) when a high 
atomic number material  forms arl in te r face  w i t h  a low atomic number material.  
She showed t h a t  a t  a plane in terface  between lead and mylar t,he measured 
dose i n  the mylar was about a fac tor  of two l e s s  than the  dose calculated 
n e g l e ~ t i n g  e lect ron sca t te r ing ,  i.e. a calculat ion based on a form of equation 
(3). T h i s  is because a t  the in te r face  the electrons created i n  the lead and 
crossing the in te r face  for the f i r s t  time a re  not nearly so  e f fec t ive ly  back- 
scat tered a s  from the high atomic number material ,  which r e su l t s  in  a reduced 
electron fluence a t  the  in terface .  The t rans i t ion  zones on eit,her s ide  of the 
in te r face  a re ,  however, only a f ract ion of a millimetre thick because of the 
shor t  range of the low energy secondary e lect rons  and hence t h i s  e f fec t  w i l l  
be of minor importance i n  most s i tuat ions .  

I t  is worth noting here the r e su l t s  of Wintle and Aitken (1977), who 
showed tha t  e lect ron back-scatter . --- is a l so  important for beta source i r -  
radiat ions.  They i r rad ia ted  a 350 pm thick s l i c e  of the TL phosphor CaF2:Dy 
with a Sr-90 beta source on a nichrome pla te  and on perspex. By measuring 
the TL from the s l i c e  they found tha t  the average dose t o  the 350 pm s l i c e  
i r rad ia ted  on the nichrome pla te  was 17% higher than when i r rad ia ted  on 
perspex. The increase is en t i re ly  due t o  back-scattered electrons from the 
nichrome, 

Thus we have seen how the motion of the secondary e lect rons  plays a 
v i t a l  ro le  i n  the energy deposition by gamma rays i n  two media separated by 
an in terface ,  In Par t  I1 of t h i s  paper i t  w i l l  be shown how t h i s  e f f ec t  must 
be taken i n to  account when quartz grains are  i r rad ia ted  by a gamma source for 
the purpose of beta source cal ibra t ion.  In addit ion,  Part I1 describes the 
problems which can a r i s e  due t o  differences i n  grain transparency between 
d i f fe ren t  quartz samples. 
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SUMMARY: The dating of f ive samples from different  depth levels of the same --.. archaeological "si  t e n  Toconce was made by TL measurements. These resul ts  
' agreed with the estimated values obtained by the archaeological context and 

the radiocarbon method. 

INTRODUCTION: The study of the natural therm01 uminescence (NTL) and the 
a r t i f i c i a l  thermoluminescence (ATL) produced by i r radiat ion with the beta 
source was made on f ive  pottery samples from the archaeological " s i t e "  
Toconce a t  Antofagasta in the north of Chile. The pieces of pottery were 
chemical ly washed and sieved in order to get the quartz grains with a 
diameter of 100 microns. The radiation dose received by each sample, a f t e r  
i ts  original f i r ing ,  was determined by the "plateau" and the "pre-dose" 
methods. The annual dose was calculated from the concentration of radio- 
active trace elements of the sample and the burial so i l .  An analysis of 
the TL glow showed that  the l igh t  emission i s  proportional to  the dose 
received by the sample. The calculated ages of the f ive samples d i f f e r  
by about 10% from the values given by the radiocarbon and context methods. 

1 

METHODS AND MATERIALS: The quartz grains, were poured onto a s ta in less  
353-sampfehomer,and p1 aced on a heater plate. The heating rate  of 20°C/sec i 
was control led electronical ly and measured with a chrome1 -alumel thermocouple 
welded t o  the heating plate. The luminescent emission was detected w i t h  a 
photomultiplier (Phi l l ips  56-AVP) connected to  a high tension source (Keithley 246). , 
The signal from the photomul tip1 i e r  was amp1 i f icated w i t h  an electrometer (Kei thley 
610 c ) ,  and recorded through channel Y of a Hewlett-Packard 7004-B recorder. The k 
signal from the thermocouple was recorded through channel X of the same recorder i 

li 
giving the glow curve. The quartz grains were irradiated w i t h  a 85 rad/min 
dose ra te  from a fixed position Sr-90, 10 mCi source. 1 /j 

l 

SAMPLE PREPARRTION: The pottery samples were crushed and washed with "Aqua regia" -- 
and 1% HF solution'. The quartz inclusions were sieved t o  obtain grains with 
100-200 microns diameter i n  order t o  use the quartz inclusion technique ( l ) .  

THE EQUIVALENT DOSE (ED),: The dose received by the sample a f t e r  i t s  original f i r ing ,  -- the equivalent dose (ED) ,was calculated by the "p1 ateau" and the "pre-dose" methods. 
In the plateau method the curves of NTL and ATL, for  850 rad B dose, were recorded. 


