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ETCHING DEPTH d IN MICRONS 

A SWEDISH VITRIFIED FORT: DATING BY CONVENTIONAL TL 

D. A. Wright 
Museum of Archaeology, Universi,ty o f  Durham 

Old Fulling Mill, The Banks, Durham 

(1) Introduction.  

This paper gives an account of measurements of conventional TL 
on samples discussed i n  a  previous publ ica t ion .  (\Vrigh"i9779a). In 
t h a t  payer da t ing  was earl'ietl out by t h e  predose method on material.  
from a Swedish v i t r i f i e d  f o r t .  In  the  present  work t h e  s a ~ l p l e s  and 
t h e i r  preparat ion were a s  i n  t h e  e a r l i e r  paper, The standard procedure 
has been followed, including p la teau  t e s t  , correctiolr f o r  supra l inea r i ty ,  
check of p a r a l l e l  s lope  c r i t e r i o n ,  and check for  fading. 

(2) Results ,  

(a)  Samples t rea ted  i n  t l i lute-  IICl  only. -- 4e, 8a ,  8b, 12, 11, 

This treatment renoved the  limestone but f e ldspar  was re ta ined with 
t h e  quar tz ,  (geldspar 17.6%, quartz 82,4%). The TL behaviour was normal, 
giving p l o t s  of which Pig. 1. i s  typ ica l  (sample 4e).  The TI, was l a rge ,  
and the  t e s t s  were s a t i s f a c t o r y ;  f o r  sanple 4 t h e  fading i n  two months 
was about 16% consis tent  w i t 1 1  fe ldspar  being t h e  main source of t h e  TZ, 
(Fleming 197G), The archaeological  dose f o r  saruple 8 (350 p) was however 
equivalent t o  a  a - i r r a d i a t i o n  time of 220 min. compared with the  predose 
r e s u l t  of 90 min. 



This l a r g e  d i f fe rence  is  due a t  l e a s t  i n  part  t o  t h e  presence of 
f e ldspar  i n  the  samples. Chemical analys is  showed t h a t  9 7 4 9 %  of t h e  
K 0  was present  i n  t h e  fe ldspar .  The f e ldspar  and quar tz  combined 

2 cons t i tu ted  about 0.5% of t h e  t o t a l  sample; the re  was about 2% brown flaky 
material. ,  t he  renai.nder limestone. The $-dose r a t e  wi.tl1i.n t h e  fel.dspar 
gra ins  i s  considerably higher than t h e  mean dose t o  t h e  quar tz  g ra ins  a s  
deduced from t h e  mean Ii 0  and U/Th content ,  a 

Recent work by BIejdahl e t  a 1  (1979) shows t h a t  t h e  6 -close r a t e  due 
t o  K 0 within  fe ldspar  g ra ins  exceeds the  mean r a t e  t o  quartz gra ins  i n  
a  mazner which may provide t h e  b a s i s  f o r  a  new uethod of Ti, dating. The 
fe ldspar  dose r a t e  increases  with g ra in  s i z e ,  whereas t h e  dose r a t e  t o  
quartz decreases with g r a i n  s i z e ,  and the  former becomes twice t h e  l a t t e r  
f o r  t h e  compositiorls considered by Rlejdahl a t  a  g ra in  s i z e  of 800 p, In 
the  present  case t h e  s i . tua t ion  i s  extreme because of t h e  low fe ldspar  
concentrat ion i n  the  t o t a l ,  so  t h a t  many quartz g ra ins  rece ive  a  dose 
r a t e  l e s s  than t h a t  corresponding with the  rlean composition, A r a t i o  of 
fe ldspar /quar tz  dose r a t e  of 2,4 a t  a  gra in  s i z e  of 350 p i s  indica ted ,  
and presumably r e s u l t s  from t h i s  extreme s i t u a t i o n ,  There a r e  indica t ions  
a l s o  t h a t  the  U/Th a s  well as t h e  H 0 i s  concentrated i n  t h e  fe ldspar .  2 

(b) Samples < 350 21 a f t e r  etching i n  IFo 6 ,  Ga, 6c, ?a,  11, 13. -. .-.-. - - 
These s a r a ~ l e s  were etched f o r  45 min. i n  40% W ,  washed i n  water and 

dr ied  using acetone. The main f e a t u r e  of t h e  r e s u l t s  was the  absence 
of a  p la teau ,  a s  shown i n  Fig. 3b, The r a t i o  of archaeological  t o  

0 a r t i f i c i a l  TL shows a  marked peak i n  the  region of 300 C,  The a r t i f  i- 
0 c i a l  TL s igna l  i s  shown i n  Fig.  3a, and has peaks a t  190 and 250 . 

I t  was r e a l i s e d  t h a t  these  TT, sigrlals were c h a r a c t e r i s t i c  of C@ and 
2' x-ray ana lys i s  confirmed t h a t  t h i s  compound was present .  I t  had not  

been present i n  t h e  sar1pl.e~ before etching i n  IF. X-ray ana lys i s  
showed broadening of t h e  CaF Lines indica t ing  poor c r y s t a l l i n i t y ,  ? consis tent  with fo rna t ion  i n 4 s i t u ,  I t  is presumably formed by reac t ion  
of the  IF with t h e  f e ldspar ,  This behaviour was f u r t h e r  confirmed by 
measuring the  TL on sample 8b, a f t e r  IICl only, and then e tching i n  fIF, 
Subsequent oieasurenent of TL gave t h e  r e s u l t  8c a f t e r  an a r t i f i c i a l  
p ,dose, s i m i l a r  t o  the  r e s u l t s  of s e r i e s  G samp3.e~. The CaF gives no 
archaeological  s i g n a l ,  but a  l a r g e  a r t i f i c i a l  s i g n a l  e spec ia l fy  i n  the  

0 300 region,  

(c)  Larger grnins ,  

By haxidpickixlg a f t e r  s ieving,  i t  was poss ib le  t o  s e l e c t  c l e a r  
t r ans lucen t  g ra ins  0.3 - irvn,, and by o p t i c a l  examination t o  d i s t ingu i sh  
quar tz  from fe ldspar ,  There was then no need t o  use IF i n  order t o  
i s o l a t e  quar tz  inc lus ions .  Results  were a8 i n  Fig. 4. There was l i t t l e  
v a r i a t i o n  of TL with tegpera ture  above 27Q C ,  and t h e r e  was a  f a i r l y  good 
pla teau  from 250 t o  300 (Fig. 4b), The arcllaeological dose was now 
equivalent  t o  a  mean of 87 min., i n  good agreenent with the  predose r e s u l t  
on the  l a r g e r  g ra ins  (Wrlght 1979a), 

I t  was now poss ib le  t o  check whether IF has the  unders i rable  e f f e c t  
of producing CaF2 by reac t ion  with quartz.  Grains separa ted  a s  shown 
above were given the standard e tching i n  IF, followed by washing i n  water 
and acetone leading t o  the  r e s u l t s  on sample 10, These were ind i s t ingu i s -  
ab le  from the  r e s u l t s  on sample 9, showing t h a t  e i t h e r  CaF i.s not prod- 
uced i n  r eac t ion  with itF, o r  with l a rge  g ra ins  i t  is  readiBy removed by 
normal washing. 



(d) Removal of CaFZ0 

Samples from which a l l  c a l c i t e  had been removed by HC' treatment 
were etched i n  HF and then t rea ted  i n  A I  C 1  a s  recommended by Carriveau 3' (1977). Although the  so lu t ion  d id  m t  c l e a r  completely, x-ray analys is  
showed no evidence of CaF and the  TL r e s u l t s  were a s  i n  Fig ,  4, 2 ' 

Another sample containing res idua l  c a l c i t e  was etched i n  IiF and 
t r e a t e d  i n  A1 C 1  and did g ive  re s idua l  CaF2, and r e s ~ ~ l t s  a s  i n  Fig. 3, 

3 Thus C S  is  more r e a d i l y  produced, o r  less read i ly  removed, when IF r e a c t s  
with Cn 80 compared with f e ldspar ,  and correspondingly more ca re  is  then 
necessary $0 ensure C f l  removal. 2 

(3) Conclusions, 

When using t h e  conventional quar tz  inc lus ion method, g rea t  ca re  is 
necessary (a) t o  ensure removal of f e ldspar ,  and (b) t o  avoid production 
of f l ~ x o r i t e  by reac t ing  with f e ldspar  o r  c a l c i t e .  Large e r r o r s  i n  age 
o r  absence of p la teau  can he produced by f a i l i n g  t o  meet these  condit ions.  
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