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"An expert i s  someone who knows some of the worst mistakes that can be made i n  his 
subject, and how to avoid them." Werner Heisenberg 
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LETTER FROM THE EDITOR - Resear,ch C o n t r i b u t i o n s  t o  be Refereed  

ANCIENT TL was inf t ia ted i n  1977 by David Zimmerman to  " f a c i l i t a t e  
the communication of he1 pfu l and practical information between researchers 
actively involved i n  thermoluminescence dating." Now i n  i t s  t h i r d  year 
and eleventh issue, the newsletter has become an important publication for 
technical papers on TL dating. Consequently, i t  has now become desirable 
and vi ta l  to  referee research note contributions . Accordingly, refereeing 
will commence with notes submitted for  issue twelve. The refereeing of 
contributions i s  intended Lo be somewhat informal. Referees will be urged 
to  waive anonymity and to  communicate direct ly  with authors regarding 
revisions. I t  i s  hoped tha t  this  informality wil l be a t t rac t ive  to  referees 
and authors a1 i ke as an opportunity for valuable dialogue between TL 
researchers. The expeditious distribution of the notes and other information 
contained in ANCIENT TL i s  s t i l l  highly desirable and, thus, the newsletter 
format will be continued. 

Stephen Sutton 
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BETA SOURCE CALIBRATION : SOME PROBLEMS ASSOCIATED WITH THE U T I L I S A T I O N  
OF THE GAMMA IRRADIATION OF QUARTZ AND OTHER PHOSPHORS 

PART I1 

W. T .  Bell 
Archaeometry P r o j e c t  , Ri S$ National Laboratory 

DK-4000 Roski l d e ,  Denmark 

INTRODUCTICN - PART I1 

I n  P a r t  I o f  t h i s  paper ,  g iven i n  t h e  l a s t  i s s u e  o f  t h i s  n e w s l e t t e r  
(No. 10 ,  March 1980) ,  t h e  i n t e r a c t i o n  o f  gamma r a d i a t i o n  w i t h  m a t t e r  was 
d e s c r i b e d  and t h e  p a r t i c u l a r  problems which a r i s e  when an i n t e r f a c e  s e p a r a t e s  
two media under gamma i r r a d i a t i o n  were d i scussed .  I t  was ~ h ~ ~ , ~ " f F i ~ m & t . i o n  -- ----.-.--./ ----4------.-. o f  t e secondary a e c t r o n s  c r e a f e d  by t h e  i n i t i a l  photon i n t e r a c t i o n s  must be 
t aken  i n t o  account  when t h e  dose  d i s t r i b u t i o n  i n  t h e  v i c i n i t y  o f  an i n t . e r f a c e  
is t o  be a s s e s s e d .  Three p a r t i c u l a r  c a s e s  were considered:  

( i )  t h e  d2~$ng1s~,Ofthe i r r a d i a t e d  .-. m a t e r j a l  m _ a r e  l a r g e  compared t o  t h e  
secondary e l e c t r o n  range?--" -"- ' 
,=%&L r-N, C-.- +--W ....*F-%- - 

( i i )  t h e  dimensions  a r e  s m a l l  compared t o  t h i s  range;  and 

( i i i )  t h e  dimensions a r e  comparable t o  t h i s  range. 

Equa t ions  were g iven  t o  d e s c r i b e  t h e  dose ,  D ,  d e p o s i t e d  i n  a phosphor 
by a gamma beam f o r  each of t h e  t h r e e  c a s e s  given above. These e q u a t i o n s  w i l l  
be used i n  t h i s  second P a r t  and hence they  a r e  r e p e a t e d  h e r e  f o r  convenience.  
The symbols have a l l  been d e f i n e d  i n  P a r t  I. 

(bnnp)mediurn msphosphor ( i i )  D = 0.869 X X 
S 

X 
( ~ e n ' ~ ) a i r  m medium 

S ("en/p)medium m phosphor , + ( i i i )  D(x) = 0.869 X 

("ennf') a i r  S m medium 



THE USE .OF QUARTZ FOR BETA SOURCE CALIBRATION 

A s  mentioned i n  P a r t  I of  t h i s  paper,  Pernicka and Wagner (1979) have 
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  of be t a  sou rces  us ing  qua r t z  a s  t he  
T L  phosphor. They sugges t  t h a t  some qua r t z  samples stiould be i r r a d i a t e d  by 
them wi th  a gamma dose from an accu ra t e ly  c a l i b r a t e d  CO-60 source and then 
be d i s t r i b u t e d  t o  var ious  TL l a b o r a t o r i e s  f o r  t h e  be t a  source  c a l i b r a t i o n s ,  
Because of t h e  fundamental importance of  such a source  c a l i b r a t i o n  it is 
necessary  t o  d i s c u s s  here  a smal l  e r r o r  'in Pernicka and Wagner's i r r a d i a t i o n  
procedures.  

The qua r t z  g r a i n s ,  i n  t h e  s i z e  range 70-150 pm a f t e r  e t ch ing  i n  HF, 
were prepared f o r  gamma i r r a d i a t i o n  by packing approximately 100 mg of t he  
g r a i n s  i n t o  smal l  polyethylene bags s o  t h a t  t h e  sample t h i cknes s  was less 
than 1 mm, o r  a l t e r n a t i v e l y  2 mg was placed i n  smal l  polyet.hylene con ta ine r s .  
The i r r a d i a t i o n s  took p l ace  behind 0.5 cm of perspex i n  o rde r  t o  "achieve 
secondary e l e c t r o n  equi l ib r ium condi t ions t ' .  They then c a l c u l a t e d  t h e  dose t o  
t h e  qua r t z  according t o  

D = 0.869 X ( ~ e n ' ~ )  qua r t z  X X 
(pen'') a i r  

I t  can be  seen immediately t h a t  equa t ion  ( 4 )  is d i r e c t l y  equ iva l en t  t o  
equa t ion  (l), However, equat ion ( 1 )  was v a l i d  only f o r  t h e  c a s e  where t h e  
dimensions o f  t h e  phosphor were l a r g e  compared t o  t h e  range of  t h e  e l e c t r o n s  
set i n  motion by t h e  photon c o l l i s i o n s .  For CO-60 gamma rays  (F = 1.25 MeV). 

----c---__-- I----" --- .- I-- - 
t h e  I_-C_- average --- rang_e..of t h ~ e ~ e l e c t r o n s  ---- ------- is -.m-----+*. approximately I.....--- .- 2 - --"- mm -- i n  s a r t z .  The 
th i cknes s  of  t h e  qua r t z  samples 1s l e s s  than 1 mm and a s  t h e  samples"are  
packages of  much sma l l e r  qua r t z  g r a i n s ,  then t h e  a c t u a l  t h i cknes s  o f  s o l i d  
qua r t z  w i l l  be cons iderab ly  less than ? mm. ijence the  dimensions of  t h e  
phosphor a r e  n o t  l a r g e  compared t o  t h e  secondary e l e c t r o n  range and equat ion 
(4) is n o t  v a l i d  f o r  t h i s  s i t u a t i o n .  

On t h e  o t h e r  hand, t h e  dimensions of t h e  phosphor a r e  n o t  sma l l  compared 
t o  t h e  secondary e l e c t r o n  range s o  t h a t  equa t ion  (2 )  is no t  v a l i d  e i t h e r ,  
The t r u e  s i t u a t i o n  l i e s  somewhere between t h e  two c a s e s  with t h e  dose absorbed 
by t h e  qua r t z  de l ive red  p a r t l y  by t h e  e l e c t r o n s  generated w i th in  t h e  perspex 
absorbers  and p a r t l y  from e l e c t r o n s  generated wi th in  t h e  qua r t z  g r a i n s  them- 
se lves .  Thus some form of equa t ion  (3)  would need t o  be used t o  c a l c u l a t e  
t h e  dose t o  t h e  qua r t z  g r a i n s  but  t h e  eva lua t ion  o f  t h e  eometr ical" , funct ion ---.-̂ .~_cv- % ,".-I M- , ---.H -----.'-- " 
G would be a n ~ e x c e e d i n g l ~ o m p l e x ,  i f  no t  ~ m p o s s i b l e ,  p ro  lem. Thls is f i r s t l y  

&. '-&A----"-- .-i---*.y.u  ̂
% 

because-.J~e~_~~_~--2-slanee.'Tnterface ~----..--- --I between ---- two r.F--d--l- s o l i d  mat.ai;b;ls - a s  on one 
= m e r e  a r e  polyethylene bags packed with g r a i n s ,  and &erC&?.t&_of eekg 
*=he g r a ~ C ~ ~ ~ - h ~ g ~ ~ - $ Q ~ e n ~ ~ + ~ ~ ~  t h e  absorbed dose. Secondly, t 5  
s p a t i a m a r a c t e r i s ? l c s  +- -... of  t h e  e l e c t r o n  f i ~ i l 3 - ~ % ~ f ; ' i i e ' 8 ~ i n  t h e  perspex w&d 

- . .v-  -/--c------. 9-7 -".-.-.--I- -le-. 

h a v e x - ~ " G k e n n ~ t O a c c o u n t  because perspex is  a ow atomic n t ~ X e r  m a t e r i a l  
L - -- --- V- .-v----- 
e x ~ s e d  -- t m h  energy p h o t . o n s X ' f i c e  .--W.-.. t 5 e ~ ~ r & ~ 1 1 f 1 f i 5 * * 5 l a ~ e a ~ ~ ~ ~ ~ e  
f orwGd-;i'e c t i on Lr& a b w .  I t XZ-EE-~. '%TTR~G~ r on --- -.S---. scattering zenomenon  o f  Dut r e i x  and Bernard (1966) w i l l  have much in f luence  
he re  due t o  t h e  sma l l  volume o f  back-sca t te r ing  mater ia l .  

The problems a s s o c i a t e d  with eva lua t ing  t h e  dose t o  Pernicka and Wagner's 
qua r t z  g r a i n s  would n o t  e x i s t  i f  qua r t z  absorbers  were used i n s t e a d  o f  perspex. 
The secondary equi l ib r ium e l e c t r o n  f luence  generated wi th in  t h e  absorbers  would 
then be t h a t  o f  q u a r t z  and t h e  dose t o  t h e  g r a i n s  would be given by equa t ion  
(1). I f  we put  va lues  i n  equa t ion  ( 1 )  we f i n d  t h a t  t h e  dose D1 is given by 



S u b s t i t u t i n g  v a l u e s  i n  e q u a t i o n  ( 2 )  is r a t h e r  more complex because  i t  r e q u i r e s  
t h e  r a t i o  o f  t h e  mass s t o p p i n g  powers o f  q u a r t z  and pe r spex .  These f i g u r e s  
a r e  s l i g h t l y  energy  dependent ,  s o  t h e  problem o f  d e c i d i n g  a t  which ene'rgy 
t.o t a k e  t h e  r a t i o  a r i s e s .  D u t r e i x  -- e t  a l .  (1962) found that .  f o r  CO-60 gamma 
r a y s  t h e  secondary  e l e c t r o n  f l u e n c e  p e n e t r a t i n g  an i o n i s a t i o n  chamber from 
wall m a t e r i a l s  o f  d i f f e r e n t  a tomic  numbers behaved a s  though t h e  mean energy 
of t h e  e l e c t r o n s  was i n  t h e  o r d e r  of 0.01 FleV. Taking t h e  r a t i o  of t h e  s t o p -  
p i n g  powers a t  t h i s  energy and u s i n g  e q u a t i o n  ( 2 ) ,  g i v e s  

The d i f f e r e n c e  between equat . ions  ( 5 )  and (6)  is s e e n  t o  be q u i t e  c o n s i d e r a b l e  
and a s  mentioned above,  t h e  t r u e  f i g u r e  f o r  P e r n i c k a  and Wagnerls  i r r a d i a t i o n  
s h o u l d  l i e  somewhere between t h e s e  limits. T h i s  was i n v e s t i g a t e d  e x p e r i m e n t a l l y  
h e r e  by i r r a d i a t i n g  s i m u l t a n e o u s l y  i n  a CO-60 gamma beam some q u a r t z  g r a i n s  
behind 0.5 cm t h i c k  q u a r t z  a b s o r b e r s  and some g r a i n s  behind t h e  same t h i c k -  
n e s s  o f  pe r spex  a b s o r b e r s ,  Both samples  o f  g r a i n s  were packed i n  p o l y e t h y l e n e  
bags t o  a t h i c k n e s s  of approx imate ly  1 mm. I t  was found t h a t  t h e  dose  to t h e  
q u a r t z  g r a i n s  i r r a d i a t e d  behind t h e  perspex was (5.0 + 0.3):; lower  t h a n  t h e  
dose  t o  t h e  g r a i n s  behind q u a r t z  imply ing  t h a t  f o r  t h i s  i r r a d i a t i o n  procedure  
e q u a t i o n  ( 3 )  g i v e s  

I t  is n o t  p o s s i b l e ,  however, t o  s a y  t h a t  t h i s  v a l u e  i n  e q u a t i o n  ( 7 )  shou ld  
a p p l y  t o  P e r n i c k a  and bJagnerts i r r a d i a t i o n =  s i n c e  t h e  d e n s i t y  of packing of 
t h e  g r a i n s  c o u l d  have been somewhat d i f f e r e n t ,  

I t  i s  s t r o n g l y  recommended, t h e r e f o r e ,  t h a t  i f  q u a r t z  g r a i n s  a r e  t o  be 
used f o r  c a l i b r a t i o n  purposes ,  t h e  gamma i r r a d i a t i o n s  s h o u l d  t a k e  p l a c e  behind 
q u a r t z  a b s o r b e r s  i n  o r d e r  t o  c i rcumuent  t h e  problems and u n c e r t a i n t i e s  i n  
t h e  dose  assessment  a s  d e s c r i b e d  above. 

THE EFFECT OF G R A I N  TRANSPARENCY ON BETA SOURCE CALIBRATION 

A l i m i t i n g  f a c t o r  i n  u s i n g  one t y p e  o f  q u a r t z  g r a i n s ,  o r  any o t h e r  
phosphor,  f o r  a lfonce-and-for-al l"  b e t a  s o u r c e  c a l i b r a t i o n  i s  t h e  dependency 
o f  t h e  measured d o s e - r a t e  o f  t h e  b e t a  s o u r c e  on the t r a n s p a r e n c y  of t h e  
p a r t i c u l a r  q u a r t z  g r a i n s  a s  was f i r s t  d e s c r i b e d  by Bell (1979) .  F u r t h e r  
s t u d i e s  have now been completed however t h e  r e s u l t s ,  d e s c r i b e d  below, a r e  
s t i l l  somewhat p r e l i m i n a r y .  A d e t a i l e d  accoun t  o f  t h i s  t r a n s p a r e n c y  phenomenon 
w i l l  be  p u b l i s h e d  soon.  

The dependency on g r a i n  t r a n s p a r e n c y  is  thought. t o  a r i s e  from t h e  
comparison o f  t h e  non-homogeneous dose  d i s t r i b u t i o n  t o  t h e  g r a i n s  from t h e  
b e t a  s o u r c e ,  w i t h  t h e  homogeneous dose  d i s t r i b u t i o n  from t h e  gamma source .  
The non-t~omogeneous b e t a  dose  d i s t r i b u t i o n  i s  a r e s u l t  o f  two e f f e c t s .  The 
f i r s t  is t h e  d o s e  bui ld-up w i t h  d e p t h  d e s c r i b e d  by W i n t l e  and Ai tken  (1977) 
which is due t o  t h e  i n c r e a s e d  o b l i q u i t y  of' t h e  e l e c t r o n  p a t h s  caused  by mul t . ip le  



s c a t t e r i n g  as t h e  e l e c t r o n s  p e n e t r a t e  t h e  sample,  Thus t h e  p a t h  length  p e r  
u n i t  t h i c k n e s s ,  and hence t h e  energy l o s s ,  i n c r e a s e s  w i t h  dept,h u n t . i l  i t  
r e a c h e s  a maximum ( a t  a b o u t  40 mg/cm2 f o r  a Sr-90 s o u r c e  and aluminium 
a b s o r b e r s )  a f t e r  which a t t e n u a t i o n  e f f e c t s  predominate  arid t h e  dose  d e c r e a s e s .  
For  100 pm q u a r t z  g r a i n s  t h e  dose  w i l l  i n c r e a s e  through t h e  g r a i n s  s o  t h a t  
t h e  l o v e r  r e g i o n s  w i l l  r e c e i v e  a h i g h e r  dose  than  t h e  upper  r e g i o n s .  

The second e f f e c t ,  which probably  h a s  a g r e a t e r  i n f l u e n c e  on t h e  dose  
d i s t r i b u t i o n ,  is t h e  b a c k - s c a t t e r i n g  o f  e l e c t r o n s  from t h e  h igh  a tomic  
number m a t e r i a l  on which t h e  g r a i n s  a r e  r e s t i n g  d u r i n g  b e t a  i r r a d i a t i o n .  l lurray 
and U i n t l e  (1979) showed t h a t  100 pm g r a i n s  of CaF2 r e c e i v e  a 40% h i g h e r  d o s e  
when i r r a d i a t e d  on nichrome i n s t e a d  o f  perspex and f o r  l e a d  t h e  i n c r e a s e  is 
o v e r  60%. These b a c k - s c a t t e r e d  e l e c t r o n s  w i l l  have e n e r g i e s  very  much l e s s  
t h a n  t h e  i n i t i a l  s o u r c e  energy and w i l l  n o t  p e n e t r a t e  very  f a r  i n t o  t h e  q u a r t z  
g r a i n s ,  t h u s  d e p o s i t i n g  most o f  t h e i r  energy i n  t h e  lower r e g i o n s  o f  t h e  g r a i n s .  

I n  c o n t r a s t ,  t h e  gamma i r r a d i a t i o n  of q u a r t z  g r a i n s  w i l l  r e s u l t  i n  a 
homogeneous d i s t r i b u t i o n  o f  t h e  dose  t h r o u g h t o u t  t h e  g r a i n  volume. Hence 
t h e  TL measured a f t e r  a b e t a  i r r a d i a t i o n  w i l l  come more from t h e  l o i ~ e r  
r e g i o n s  o f  t h e  g r a i n s  t h a n  t h e  TL measured a f t e r  a gamma i r r a d i a t i o n .  There- 
f o r e  t h e  b e t a  induced TL w i l l  be  more a t t e n u a t e d  than  t h e  gamma TL i f  t h e  
g r a i n s  a r e  n o t  very  t r ansparen t . ;  whereas t h e r e  w i l l  be l i t t l e  d i f f e r e n c e  i n  
t h e  a t t e n u a t i o n  i f  t h e  g r a i n s  a r e  very t r a n s p a r e n t .  

We have measured a l a r g e  number o f  d i f f e r e n t  quar tz  samples  u s i n g  a 
CO-60 gamma s o u r c e  and a Sr-90 b e t a  s o u r c e  (20 mg o f  g r a i n s  r e s t . i n g  i n  p la t inum 
cups  o f  a r e a  52 mm2 f o r  t h i s  l a t t e r  . i r r a d i a t i o n )  and t h e  r e s u l t s  f o r  t h e  
a p p a r e n t  d o s e - r a t e  v a l u e s  o f  t h e  b e t a  s o u r c e  were found t.o vary  over  a wide 
range  - approx imate ly  20%. 0 p t . i c a l  i n s p e c t i o n  o f  t.he q u a r t z  g r a i n s  from t h e  
two ex t remes  showed t h a t  t h e  sample whose g r a i n s  had a very  t r a n s p a r e n t ,  
"shiny" (Be l l ,  and Zimmerman, 1978) appearance  gave a h i g h  d o s e - r a t e  f i g u r e  
f o r  the  b e t a  s o u r c e ,  i n d i c a t i n g  t .ha t  l i t t l e  d i f f e r e n c e  i n  t h e  a t t e n u a t i o n  o f  
t h e  bet.a and gamma induced  'TL had occured.  By comparison t h e  g ra . ins  from t h e  
o t h e r  sample which had a l e s s  t r a n s p a r e n t ,  " f r o s t y t 1  appearance  gave a 20!% 
lower  d o s e - r a t e  f i g u r e  f o r  t h e  b e t a  s o u r c e ,  implying a g r e a t e r  a t t enua t . ion  
o f  t h e  b e t a  TL than  t h e  gamma Tl.. 

A s  a  r e s u l t  o f  t h i s  phenomenon a b ~ ~ ~ ~ ~ ~ ~ w ~ l i b r a t o s n o ~  per-  
formed Pore~chG-itg~~$~Jx,~~:c_h~5~?c!gi~a1 sample* d a t e d  + t o i s  pl~:!?pig:ry - , 
I n  t h i s  c o n t e x t  i t  1s I n t e r e s t i n g  t o  r e p o r t  t h a t  t h e  two extreme samples  
mentioned above bo th  g i v e  very  good r e s u l t s  f o r  t h e  a g e s  uhen t h e  i n d i v i d u a l  
s o u r c e  c a l i b r a t i o n  f i g u r e s  a r e  used ,  b u t  i f  a mean c a l i b r a t i o n  f i g u r e  is 
used then  t h e  d a t e s  o b t a i n e d  f a l l  o u t s i d e  t h e  known age  l imits f o r  t h e  
a r c h a e o l o g i c a l  samples .  The same e f f e c t  is a l s o  t r u e ,  t o  a l e s s e r  e x t e n t ,  
f o r  many o t h e r  samples  s t u d i e d .  

Fur thermore ,  p r e l i m i n a r y  i n v e s t i g a t i o n s  t e n d  t o  show t h a t  t h e r e  is 
perhaps  a c o r r e l a t i o n  between f i r i n g  t e m p e r a t u r e  o f  t h e  sample and t h e  degree  
o f  t r a n s p a r e n c y  a f t e r  e t c h i n g  i n  HF a c i d .  Q u a r t z  g r a i n s  from a g e o l o g i c a l  
s a n d  were d i v i d e d  into  two f r a c t i o n s  - one f r a c t i o n  h e a t e d  t o  1000° C f o r  
f o u r  hours  and t h e  o t h e r  remaining unheated,  She two f r a c t i o n s  were then  
e t c h e d  i n  HF f o r  one hour  and it was q u i t e  n o t i c e a b l e  t h a t  t h e  unheated g r a i n s  
had a s l i g h t l y  more " f r o s t y "  appearance  than  t h e  h e a t e d  g r a i n s .  We hope t o  
p u b l i s h  f u l l  d e t a i l s  o f  t h e  e x p e r i m e n t a l  methods we u s e  and a f u l l  account  of 
t h e  e f f e c t s  o f  m a i n  t r a n s p a r e n c y  i n  t h e  n e a r  f u t u r e ,  

I t  is recommended h e r e  t h a t  i n d i v i d u a l  TL d a t i n g  l a b o r a t o r i e s  s h o u l d  
pay a t t e n t i o n  t o  t h i s  t ransparer lcy  e f f e c t  and t h a t  whenever p o s s i b l e  b e t a  
s o u r c e  c a l i b r a t i o n  exper iments  shou ld  be performed f o r  each  a r c h a e o l o g i c a l  
sample s t u d i e d .  T h i s  is p a r t i c u l a r l y  importarl t  when t h e  q u a r t z  g r a i n s  under  
c o n s i d e r a t i o r ?  have e i t h e r  a very  " f ros ty1 '  o r  very  "shiny" appearance.  
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l l O O C  QUARTZ PEAK: A NEW NORMALIZATION FACTOR 

Y, Liritzis* 
Physi CS Department 

EdSnburgh University, Scotland 

It is well known that in our attempt to measure the total archaeological 
dose a pottery sample has received since the last firing, we follow the "additive 
procedure" which simulates the natural TL acquisition. The construction of the 
first built up curve is usually made by using the following normalization 
procedures : 

*Present address : Physi CS Laboratory I I, University of Patras, Patras , Greece 



1 )  By adding beta doses t o  quartz samples, heated t o  500 '~  w i t h  subsequent 
normalization w i t h  a moni t o r  beta dose. This drainage of a sample often 
causes a s ign i f ican t  change of TL s e n s i t i v i t y  due e i t he r  t o  a transparency 
change associated w i t h  mineralogical a l t e ra t ions  brought about by heating 
of the  sample (T i t e ,  1966) o r  t o  more subt le  e f f ec t s  a r i s ing  from the 
radia t ion dose received before drainage, the  "predose" , (F1 emi ng , 1975) 
o r  may be a t t r ibu ted  purely t o  rearrangements of the impurity ions 
(centres  o r  t raps )  during cooling. 

2)  By heating t o  500'~ and weighing the samples. 

A new normalization procedure t ha t  ha8 been adopted here i s  based on 
the  sens i t ive  llOoC quartz peak or the  120 C feldspar peak, w i t h  many advantages 
i n  mind. Pr ior  t o  any i r rad ia t ion  or  read out ,  the  sample is administered a 
dose of the  order of 1-4 rads and subsequently heated t o  approximately 1200C, 
followed by heating t o  5 0 0 ~ ~ .  The procedure i s  otherwise the  "addit ive" as 
described above i n  (1)  .o By this way, the  high temperature peaks of quartz a r e  
normalized w i t h  the  110 C peak reading. Therefore, the  f i r s t  b u i l t  u p  curve 
i s  made by avoiding complications of crys ta l  s e n s i t i v i t y  changes. 

T h i s  technique has been successfully applied t o  a dating programme on 
ancient Hellenic a r t i f a c t s  ( L i r i t z i s ,  1979). Some r e su l t s  a r e  shown i n  
t ab l e  1. Compar'lsons of TL/1 10°C w i t h  other normalization procedures 
( i  .e .  TL/rad and TL/mg) gave sa t i s fac tory  r e su l t s .  

M. J .  Aitken has shown t h i s  normalization t o  be valid using the  low 
temperature peak of c a l c i t e  (Ancient TL #g, p. 13) .  

I t  i s  thus our pleasure here t o  ver i fy  and recommend t h i s  technique 
f o r  quartz. 
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Normal i z a t  ion Intercepts Total Dose 

Sample Peak Technique (Rads) (Rads) 
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ISOLATION OF SILT-SIZED QUARTZ FROM SEDIMENTS - 
G.W. Berger ,  P.J.  Mulhern and D . J .  Huntley 

Phys i c s  Dep,t. , Simon F r a s e r  Un ive r s i t y  
Burnaby, B.C., Canada V5A 1S6 

I n  o u r  on-going st.udy of  t h e  TL p r o p e r t i e s  of sediments  
w e  have found it u s e f u l  t o  i s o l a t e  q u a r t z  from ot .her  phases .  
For  f i n e  g r a i n  s i z e s  (5-10L1, say)  ,the u s u a l  d e n s i t y  and mag- 
n e t i c  methods a r e  t e d i o u s  and i n e f f e c t i v e  and w i l l  n o t  per -  
m i t  t h e  s e p a r a t i o n  of  q u a r t z  from p l a g i o c l a s e  because t h e i r  
d e n s i t i e s  and magnetic s u s c e p t i . b i l i  t ies  0 v e : r l . a ~ .  Chemical 
methods s e e m  v e r y  promising b u t  most o f  t h e s e  do n o t  remove 
q u a r t z  e f f i c i e n t l y  o r  r e q u i r e  u s ing  tempe:ratuxes above 50%. 

For some months w e  have ob ta ined  ve ry  good r e s u l t s  w i t h  
hydro£ l u o s i l i c i c  a c i d  ( H 2  SiF6 ) . Given t h e  proper  p r e - t r e a t -  
ment, t h i s  a c i d  w i l l  s e l e c t i v e l y  d i s s o l v e  t h e  major non- 
q u a r t z  components, l e a v i n g  t h e  q u a r t z  untouched. The suscep- 
t i b i l i t y  of  mine ra l s  t o  a t t a c k  by H2SiF6 has  been a t t r i b u t e d  
t o  t h e  e x t e n t  o f  aluminum i n  t e t r a h e d r a l  s u b s t i t u t i o n  (Syers  
e t  a1 1968) .  Hence, most a l u m i n o s i l i c a t e s  a r e  a t t a c k e d  wh i l e  
q u a r t z  i s  unscathed.  Because H2SiFs removes Fe ox ides  and 
hydrous Fe ox ides  ve ry  i n e f f i c i e n t l y ,  w e  i n i t i a l l y  t r e a t  our  
samples w i t h  0,lN HCI . Some magnetic mine ra l s  wi .11  S till re- 
main b u t  i n  much smaller amounts than f e l d s p a r s  and q u a r t z  
f o r  most sediments .  

W e  have removed t h e s e  magnetic mine ra l s  by us ing  a F ran tz  
magnetic s e p a r a t o r  i n  a  "wet mode" (Greene and C o r n i t i u s  1970, 
Parsonage 1979) .  We use  the  mod i f i ca t ion  of Greene and Corn- 
i t i u s  w i thou t  a  f e e d e r  and wi th  t h e  v i b r a t o r  t u rned  o f f  t o  
minimize tu rbu lence .  Furthermore,  r a t h e r  than us ing  ace tone  
a s  t h e  suspending medium w e  use  a  0 .01N sodium o x a l a t e  s o l u t -  
i o n  (de ion ized  w a t e r )  t o  p reven t  t h e  f l occu la t i . on  which some- 
t imes  occu r s  i n  ace tone .  The p r i c e  w e  pay i s  a much longer  
(Q 4 hours)  feed-through t i m e .  The sample i s  added p e r i o d i -  
c a l l y  w i t h  a s p a t u l a .  W e  have found t h a t  s i n c e  t h e  magnet.ic 
mine ra l s  c o n t r i b u t e  on ly  about  one- tenth  t h e  TL o f  a comparable 
amount o f  q u a r t z ,  and s i n c e  t h e  magnetic s e p a r a t i o n  i s  r e l -  
a t i v e l y  t e d i o u s ,  one may d i spense  w i t h  t h i s  s t e p  and apply  the  
H2SiFs a c i d  immediately a f t e r  t h e  H C 1  s t e p .  

The use  of  H2SiF6 t o  i s o l a t e  q u a r t z  was sugges ted  as 
e a r l y  as 1933 (Knopf 1933) and has  been d e s c r i b e d  more r ecen t -  
l y  by Sye r s  e t  a1 (1968) ,  S r i d h a r  e t  a1 (1975) and Jackson 
e t  a1 (1976).  For  convenience t o  the  r e a d e r  w e  o u t l i n e  Here 
our  adapted procedures ,  



The a c i d  i s  p r e t r e a t e d  by adding 4 - 8 8 ~  ( s i n c e  ou r  
samples are 4 - 1 1 ~ )  commercial s i l i c a  ( s i z e d  from 240 mesh 
commercial s i l i c a  powder), and s t o r i n g  a t  ~ O C  f o r  a t  leas t  
t h r e e  days w i th  occas iona l  s t i r r i n g .  P r i o r  t o  u se  of  t h e  
a c i d  the  commercial s i l i c a  i s  c e n t r i f u g e d  o u t .  S u f f i c i e n t  
a c i d  i s  added t o  t h e  sample t o  g i v e  a 1iquid:sol i .d  weight 
r a t i o  of 40:l .  Th i s  i s  k e p t  a t  % 180C and s t i r r e d  a t  leas t  
twice  a day. The d i g e s t i o n  t ime depends on t h e  amount of 
non-quartz p r e s e n t  which w e  e s t i m a t e  from o p t i c a l  examin- 
a t i o n  i n  o i l s  of  t h e  1 0 - 4 0 ~  s i z e  f r a c t i o n ,  assuming t h a t  t h e  
4 - 1 1 ~  f r a c t i o n  has  a s i m i l a r  composit ion.  Following Jackson 
e t  a 1  (1976) w e  s t o r e  t h e  mix ture  f o r  3 days  f o r  each 50 mg 
of p l a g i o c l a s e  and then  double t h i s  f o r  good measure. The 
p u r i t y  of t h e  f i n a l  r e s i d u e  (removed by c e n t r i f u g a t i o n )  i s  
checked by XRD powder p a t t e r n s .  For  a sediment t h a t  has  n o t  
been h e a v i l y  weathered t h i s  procedure  y i e l d s  a r e s i d u e  of a t  
leas t  90-95% q u a r t z .  S ince  t h e  remaining contaminants  are 
n o t  f e l d s p a r s  b u t  mainly opaques, t hey  probably c o n t r i b u t e  
n e g l i g i b l e  TL. For  h e a v i l y  weathered samples, p re - t rea tment  
w i th  6N HCI ( r a t h e r  than  0.1N H C 1 )  might be  p r e f e r r e d .  
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PUTTING ANCIENT ROME TO USE 

A. J .  Mortlock 

Physi CS Department 
Austral ian National University 

Canberra, A.C.T. 2600 

The active TL-dating laboratory will commonly have a steady flow 
of work i n  classes ranging from simple authenticity measurements, through 
relat ively straight-forward dating of archaeological potsherds e tc . ,  t o  
forward-1 ooking research measurements on new material S .  There w i  1 l a1 so, 
hopefully, be research on improving the technique i t s e l f  and coming to  
better terms with the basic physics which i s  involved. A description of 
a typical development of such ac t iv i ty  i n  a university laboratory over a 
period of years has been given recently by Mortlock (1 979). 

O f  great importance in t h i s  day-to-day ac t iv i ty  i s  the periodic 
checking that  there has been no d r i f t  i n  the physical standards which 
form essential reference points i n  the dating measurements. While t h i s  
can be achieved by checking obvious things such as the calibrated radioactive 
sources used for  in-laboratory i r radiat ions,  in the f ina l  analysis i t  i s  
the a b i l i t y  t o  reproduce the age figure for  a specific archaeological 
object which i s  important. 

In order t o  monitor t h i s ,  i t  i s  necessary to  acquire a ceramic object 
of good age which has sa t i  sfactory thermol umi nescence characteri s t  i CS and whsi  ch 
can be sampled separately a number of times. If  i t  i s  of accurately known age, 
and th i s  age i s  known by a method which does not involve physical measurement, 
than tha t  i s  an added advantage because i t  further t e s t s  the ultimate val idi ty  
of the procedures of the thermol umi nescence dating laboratory . Such objects 
are surpris ingly diff icul  t to  find. 

An appropriate object was kindly made avail able to  the laboratory by 
Dr. Ann Moffatt of the Department of Classics a t  the A . N . U .  I t  was a fragment of 
f i red clay wall brick found on the ground a t  Ostia near Rome. The evidence 
suggested i t  had recently fal len from a nearby wall. On i t s  surface was an 
imprint or stamp which, when translated from the Latin, reads: 

From the brickworks of Aburnius Caldicianus, i n  the consulship of 
Paeti nus and Apronianus . 
As i t  i s  known tha t  Paetius and Apronianus were consuls i n  A.  D. 123, 

we can take the brick to  be the same age, namely 1857 yrs.  B. P. as consuls 
were normally appointed fo r  one year. 

A d i f f i cu l ty  with the determination of the TL-age is  the ass ignment of 
the environmental dose ra te ,  Dy, due to  gamma rays. We could assume tha t  the 
brick was located in the face of the wall and was relat ively t h i n  in relation t o  
i t s  height and length. Also i t  was surrounded on i t s  inner side by bricks of the 
same composition as i t s e l f .  Then, i f  the nearby ground i s  f ree  of radioactivity,  
D can be calculated from Bell ' S  (1979) Table 2 b u t  must be reduced by a factor 
O? two to  obtain the true dose r a t e  due in t h i s  case. In f ac t ,  there will be 
some gamma ray contribution from the nearby ground towards the wal l-mounted 
brick. A simple shielding experiment with a Rad 21 dosimeter, Mortlock (1979), 



mounted on the outside wall of the Physics Department Building showed tha t  
the contribution due to  the ground would be of the order of 10% of the total  
dose recorded by the Rad 21 u n i t  under these conditions. This means that  the 
effect ive D i s  approximately 55% of that  calculated using Bell ' S  Table 2. 
This resul tYwil l not be fu1 ly accurate because the radioactivity of the nearby 
ground can be anticipated to  be different  from that  of the wall both i n  Canberra 
and Ostia. Also a t  Ostia the wall was made of concrete and the brick, as has 
already been assumed, was simply a facing. However, the error  i s  expected to  
be relat ively small and constant a t  a particular s i t e .  

Utilizing t h i s  correction the following data were obtained by two different  
ski l led laboratory workers studying the brick from Ostia and employing the 
f ine  grain dating method: 

i 
1 
I 

Worker Time Archaeological A . D . R .  Age Discrepancy J 
Dose (rads) (rads/yr) (y B.?. ) ( % l  1 

_ - _ _ . . _  ----------- -__ - - - - - - - . -  ---- l l 

997 0.571 1746 1 -6.0 - J .  D. Nov. , 1978 

G. G. Nov., 1979 1175 0.636 1848 -0.5 I 1 
B 

Separate measurements were made of the amounts of the contributing long- i 

lived radioactive isotopes present on both occasions and there were small sh i f t s  
i n  these, perhaps due to  inhomogeneity in the brick, perhaps due t o  sca t te r  i n  
the analytical techniques employed. This explains the change i n  the calculated 
annual dose r a t e  ( A ,  D.  R . ) .  1' 

'I 
The observed variation here in the archaeological dose i s  consistent w i t h  the '1 

s ca t te r  noted i n  a separate ser ies  of measurements of the archaeological dose 'l 
associated with a potsherd from Thailand (Code KKG2 DA (2))  supplied by 1 
Dr. Pam Gutman of the Department of Asian Civilisations a t  the A . N . U .  The I observations in tha t  case were spread over a year and are presented in the figure. 
The r a t io  of sample standard deviation to  the mean in the case of the Thai // 

potsherd was 13.3% whereas tha t  for  the brick from Ostia was 11.6%. I t  i s  l 
assumed here tha t ,  other things being equal, the fractional error  rather than i 
the absolute error  i s  what remains constant in measurements of archaeological i 

11 doses of different  magni tudes. i 
Clearly further measurements on the fired clay brick from Ostia are 

required, and i t  i s  intended to carry these forward in due course. Both a 
ser ies  of measurements close together in time and a ser ies  spread out i n  time 
are  required to  distinguish the sources o f  the observed variation. However, 
i t  is apparent even a t  t h i s  ear'ly stage that repeated measurements of th i s  
nature on well-behaved objects of known age are  a useful means of monitoring 
laboratory procedures. 

The help of Mrs. Jadwiga Duniec and Mrs. Glenys Gardner in carrying i 
3 

out the laboratory measurements i s  grateful 1y acknowledged. The f i red  cl ay I 
brick from Ostia i s  l i s t ed  i n  the description of the Classics Museum a t  the j 
A . N . U . ,  Antiquities, compiled by J .  R. Green and Beryl Rawson and published i 

by the F z g t y  of Arts, A . N . U . ,  Canberra (19791, 119, item 7705. i 1 
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READERS' CLUES AND QUERIES 

One Remedy for Hi9h Dark Counts in PMTs -- --.--W- 

Dark counts for our PMTs, normally between 50 and 100 cps, occasionally 
increase dramatically in the summertime. We have found that this is 
apparently caused by high humidity in the housings. The humidity can be 
high because the housings are not completely airtight and St. Louis summers 
are very humid. A simple remedy is to place a small amount of dessicant 
inside the housings to absorb the water vapor. The dark counts typically 
return to normal within a few minutes after introduction. In our case, the 
effective lifetime of the dessicant is on the order of a year at which time 
replacement is required. 

S. R. Sutton, Washington University 



CONFERENCE SUMMARIES AND INFORMATION 

The 1980 Symposium fo r  Archaeometry (March 26-29,1980, Paris) --- -- -- p 

- 

The 1980 Symposium for  Archaeometry was held a t  Ecole Normale 
Sup6rieure i n  Paris from March 26 t o  29. Topics included general analyses, 
ceramt'c analyses and provenance, data processing, obsidian, metal S ,  g1 ass ,  
prospection, I 4 C  dating, dating earl i e r  than 40,000 B. P . ,  thermoluminescence, 
archaeonagneti m, dendrochronol ogy. In the thermolumi nescence session, seven 
papers were presented on spat ia l  inhomogenei t i e s  of TL sens i t iv i ty  in ca l c i t e ,  
dating of heated rocks from pal aeol i thic fireplaces,  an automated dating 
procedure including resu'lts fo r  samples from s i t e s  of known age, use of, the 
temperature of TL emission for  dating and the use of gamma meter measurements 
t o  determine to ta l  dgseyates. Pub1 lcation of the papers i n  numbers 4 and 5 
of the "Revue dlArcheometrie" i s  planned. Inquiries fo r  copies should be 
directed to: 

Groupe des ~gthodes  Physiques e t  Chimiques de 1 ' ~ r c h a e o l o ~ i e  
Centre de Recherches Geophysiques Garchy 
58150 Pouilly sur Loire, France 

Next year 's  symposium will be held May 18-21 a t  Brookhaven National Laboratory, 
Long Island, New York, U. S. A. For additional information, contact G. Harbottle 
a t  Brookhaven. Those planning t o  attend this symposium will a lso be interested 
to know tha t ,  on the fol lowing day (May 22),  a seminar has been planned a t  the 
Smithsonian Ins t i tu t e  to  dGiscuss the future direction of archaeometry. No fur ther  
de ta i l s  are available a t  this  time. 
S. R. Sutton, Washington University 

6 t h  International Conference on Sol id State  ,,Dosimetry, (1-4 April ,1980, Toulouse) - _ _ . _ _ I - - - -  

The conference included sessions on mechanisms, radiation 
response, dosimetry properties, new products, instrumentation, 
TSEE, LL, applications to personal, environmental, neutron 
and medical dosimetry and archaeology. ' 

Some 60 papers were presented orally and 40 listed for poster 
presentation. A high proportion of the papers were concerned 
wit-h TLD (particularly using LiF) for radiation monitoring. There 
were others of direct interest to those involved in TL dating. 
A theoretical paper from Birmingham (MacKeever et al) showed' 
that with a simple one trap/centre model with recombination 
during irradiation, a dose-rate effect is predicted. In a 
world wide environmental dosimetry survey using different 
TL phosphors, de Planque et a1 (New York) found tha CaF2:Mn 
gave the lowest s.d.. Prokic (Belgrade) presented details on a 
highly sensitive phosphor MgB407:Dy/(Tm) - there followed some 
lively discussion. Two papers (Portal et a1 and Aitken et al) 
were concerned with dosimetry at elevated temperature. The 
high temperature capability of the TL reader developed by Brou 
and Valladas (NIM, 1975, 127) used by the authors of the 
former paper might be of interest in A F research. 



Some promisingly  t i t l e d  papers  were n o t  p r e sen t ed ;  a  paper 
from Mon tpe l l i e r  on a  f e a s i b i l i t y  s t udy  of a  l a s e r  pu l se  
hea t ing  system f o r  TL microsamples and a l l  t h e  papers  from t h e  
BARC ( Ind i a )  group who had n o t  been a b l e  t o  a t t e n d  t h e  conference .  

I n  t h e  archaeology s e s s i o n ,  papers  were p re sen t ed  on an 
automated TL a p p a r a t u s ,  dose - r a t e  dependence, pre-dose  
d a t i n g  o f  burnt  f l i n t  from p a l e o l i t h i c  s i t e s ,  d a t i n g  of  
bu rn t  sandstone from p r e h i s t o r i c  f i r e  p l aces  and d a t i n g  
of d e n t a l  enamel. On t h e  l a t t e r ,  bu t  concerned wi th  more 
r e c e n t  problems, an e a r l i e r  paper on x-ray exposures t o  
d e n t a l  pa t ienTs  i s  w e l l  wo,rth read ing  i n  t h e  proceedi.ngs 
f o r  Ancient  TL r e a d e r s  and t h e i . r  d e n t i s t s  al:i .ke. 

The proceedings  a r e  expected t o  be publ i shed  i n  Nuclear 
Ins t ruments  and Methods t h i s  yea r .  

T. K. B a i l i f f ,  University of Durham 

Spec ia l i s t  Conference on Archaeometrl- (August 27-28, 1980, C h r i  stchurch, N.Z. ) --- ----W-- --p----.- 

Following i s  a pa r t i a l  l i s t  of papers t o  be presented a t  the  conference: l 
j 
! 

The Hydration of Natural Glasses- T. Tombrello, Caltech 
New Approaches t o  c l4  Dating- E .  Hall,  Oxford 
The Thermoluminescence Dating of Sediments from beneath Lake George, New 
South Wales- A. Mortlock and D. Price,  ANU 
Sourcing Obsidian i n  Lapita S i t es -  R. Green, Prehistory,  Auckland 
Dating N.Z. Obsidians by Resonant Nuclear Reactions- F.'Leach, Otago, and H .  Naylor, 1 
Auckland 4 

Obsidian Sourcing Using Non-Dispersive X-Ray F1 uorescence- G .  McCa1 l um, I n s t i t u t e  
of Nuclear Sciences 

Thermoluminescence Dating of Indian Archaeological S i t es -  A. Singhvi , Physical 
Research Lab., India 

Physical Analogues of Regional Exchange Systems- J .  Ericson and A. Babitz, 
Peabody Museum 

Fluorine Concentration Prof i les  i n  Bone by Nucelar Microprobe- G .  Coote and 
R. Spanks, INS, D.S.I.R. 

Accelerator - Mass Spectrometer Experiments a t  Auckland- H .  Naylor, Auckland 

T i t l e s  of o ther  papers not avai lable  a t  time of writ ing:  

Conference organized by Dr. Foss Leach, Department of Anthropology, 
University of Otago, Dunedin, New Zealand, as pa r t  0.f New Zealand National 
Physics Conference 

The Second -- Seminar f o r  TL Spec i a l i s t s  (September 1-6, 1980) 

This seminar wil l  be held i n  Oxford, England. The deadline f o r  abs t rac t s  
was May 15, 1980, however, sho r t  l a t e  en t r i es  a r e  being considered i f  
received by July 15, 1980. For more information, contact  Martin Aitken, 
Research Laboratory f o r  Archaeology, 6 Keble Rd., Oxford O X 1  3QJ England. 


