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PREDOSE DATING OF A SWEDISH VITRIFIED FORT 

D. A. Wright 
Museum of Archaeol.ogy, Un ive r s i t y  of Durham 

Old F u l l i n g  M i l l ,  The Banks, Durham 

1. In t roduc t ion  

This  paper desc r ibes  work on t h e  TL d a t i n g  of Swedish v i t r i f i e d  For t  m a t e r i a l  
using t h e  qua r t z  i n c l u s i o n  predose method. A subsequent paper w i l l  d e s c r i b e  r e s u l t s  
of t h e  convent ional  method, and w i l l  compare t h e  two. 

While it is hoped t h a t  t h e  d a t i n g  w i l l  be  of a r chaeo log ica l  i n t e r e s t ,  t h e  main 
f e a t u r e  of each paper is t h e  i n t e r p r e t a t i o n  of r e s u l t s .  I n  t h i s  i n v e s t i g a t i o n ,  t h e r e  
was apparent ly  a d iscrepancy  comparing unetched samples w i th  those  etched i n  HF. This 
problem has  been reso lved .  

2. Material. i n v e s t i g a t e d  

The m a t e r i a l  was provided by F. Sandstedt  of Alvsjo,  Sweden, and cons i s t ed  
p r imar i ly  of: l imestone from a c a l c i n a t e d  c o r e  i n  a wa l l  i n  a v i t r i f i e d  For t .  This  
Fo r t  is be ing  excavated a t  Torsburgen E. Gotland. It w a s  es t imated by t h e  supp l i e r  
t h a t  t h i s  c o r e  had been heated t o  about 1000°C. 

3.  Sample p repa ra t ion  

Samples were obtai.ned by c a r e f u l  crushing i n  a v i c e ,  and s e l e c t i o n  of t h e  
requi red  g r a i n  s i z e  by s i ev ing .  The whole product was used f o r  a-counting, and f o r  
e s t ima t ion  of  K20  conten t .  The next  s t e p  with samples f o r  TL measurement was t o  
remove t h e  l imes tone  us ing  d i l u t e  HCI.  Af t e r  washing and dry ing ,  some samples were 
s ieved aga in  and s tud ied  a t  t h a t  s t a g e ,  o t h e r s  were t r e a t e d  i n  40% (cold)  HF f o r  45 
t o  60 minutes. 

4. Dose r a t e  

The t o t a l  sample had a low K20 c o ~ ~ t e n t ,  0.13% re fe rence  (1). a-counting w a s  
c a r r i e d  o u t  using a ZnS powder s c reen  on c e l l o t a p e ,  w i th  a n  a-thick layer of sample of 
diameter 42 mm, working a t  a n  e f f i c i e n c y  of 0.85. The a-counting w a s  c a r r i e d  o u t  i n  
t h i s  l a b o r a t o r y  by D. C ,  W. Sanderson us ing  a 4-channel counter  which a l s o  had provis ion  
f o r  p a i r s  count ing ( i n  course  of pub l i ca t ion ) .  The t o t a l  count  was 5.2 per  K s  unsealed 
and 6.8 sea led .  The p a i r s  count i s  no t  very  accu ra t e  a t  t h i s  s t age ,  b u t  i nd ica t ed  
a T ~ / U  r a t i o  w e l l  below t h e  t y p i c a l  p o t t e r y  va lue  of t h e  o rde r  311, A r a t i o  of u n i t y  
has  t h e r e f o r e  been assumed, which is t h e  t y p i c a l  va lue  f o r  15mestone. The unsealed 
a-count l e a d s  t o  t h e  fo l lowing  dose r a t e s ,  us ing  Bell's (1976) f i g u r e s :  

Table 1 

$-dose r a t e  y-dose r a t e  

U 33 mradlyr. 2,6 mradlyr.  

T o t a l  48 40 



The corresponding a-dose r a t e  f o r  two va lues  of t h e  e f f i . c iency  Fac tor  k is: 

Fines 

k = 0.15 102 

For g r a i n s  l a r g e r  than  l o o p ,  o r  g r a i n s  etched i n  HF, t h e  a-dose r a t e s  wi.l.1 be s t i l l  
smal le r .  

The B-dose r a t e s  i n  Table 1 w i l l  a l s o  b e  dependent on g r a i n  si .ze,  i n  t h e  manner 
descr ibed by Mejdahl (1978). 

5. Resul t s  by Predose method 

( a )  The f i r s t  samples invest i .gated had been t r e a t e d  i n  d i l u t e  HC1 b u t  no t  HF, 
Subsequent X-ray a n a l y s i s  (2) showed t h a t  t h e  main c o n s t i t u e n t s  were qua r t z  and 
f e l d s p a r  (p l ag ioc l a se ) .  Samples 4e, 8a ,  L2 and 14 were of t h i s  type; g r a i n  s i z e s  
and r e s u l t s  a r e  summarised i n  Table 2. 

The procedure was as i n  Aitken and Murray, 1.976. Some of t h e  p l o t s  of TL 
aga ins t  B-dose were l i n e a r  t o  a t  l e a s t  600 r ad ,  o t h e r s  had a s l i g h t  curva ture .  
Typical p l o t s  are shown i n  Fig. 1. The  te temp. p l o t s  had a c h a r a c t e r i s t i c  f e a t u r e  
i n  t h a t  t h e  TL s i g n a l  a f t e r  t h e  f i r s t  t e s t  dose, be fo re  a c t i v a t i o n ,  was a s  i n  Fig. 2a. 
There is a p l a t eau  commencing a t  t h e  same temperature a s  t h a t  a t  which t h e  qua r t z  
peak appears  a f t e r  a c t i v a t i o n .  This p l a t eau  is present  a t  a l l  subsequent s t ages ,  a s  
i n  Fig. 2 b,  c .  

I t  was concluded t h a t  t h e  c o r r e c t  method of determining t h e  a rchaeologica l  dose 
i n  t h i s  s i t u a t i o n  was t o  s u b t r a c t  t h e  p l a t eau  he igh t  from t h e  t o t a l  he igh t  of t h e  qua r t z  
(100o) peak. This  imp l i e s  t h a t  S, a s soc j a t ed  w i t h  qua r t z  i t s e l f  can b e  neglected.  

(b) Samples 6 ,  7,  10 ,  11 and 13  were t r e a t e d  f o r  45-60 minutes i n  40% HF fol lowing 
one hour i n  d i l u t e  HCl .  These gave "clean" 100°C qua r t z  peaks as i n  Fig.  3. With most 
samples So was  s m a l l  b u t  w i th  6,  So was 35% of S,, and wi th  6a it was  8%. I n  determining 
t h e  a rchaeologica l  dose wi th  t h e s e  two, t h e  f u l l  va lue  of Sn was used, no t  S, - So. The 
va lues  deduced were i n  agreement w i t h  t h e  o the r  samples. 

X-ray a n a l y s i s  showed t h a t  a f t e r  t h e  HF t rea tment ,  t h e r e  was no d e t e c t a b l e  f e ld -  
spa r .  CaF2 was, however, p resent ,  i n  samples 6, 11 and 13 and was ev iden t ly  produced 
by t h e  a c t i o n  of HF on t h e  f e l d s p a r .  There was no d e t e c t a b l e  f l u o r i t e  i n  8 o r  12.  

It is concluded t h a t  i t  was t h e  f e l d s p a r  p re sen t  under t h e  condi t ions  of  s e c t i o n  
5 ( a )  which led  t o  t h e  p l a t e a u  i n  F ig ,  2. This  r e p r e s e n t s  s e n s i t i v i t y  t o  t h e  t e s t  dose. 
It g ives  a spuri.ous c o n t r i b u t i o n  which must be sub t r ac t ed  from S,, When t h e  100° peak 
i s  c l ean ,  however, a s  i n  Fig. 3, any va lue  of So due t o  p a r t i a l  a c t i v a t i o n  can b e  d i s -  
regarded. 

L t  w i l l .  b e  noted (Table 2) t h a t  samples 9 and 1 0  cons i s t ed  of l a r g e  g r a i n s  
s e l e c t e d  by hand. There is then  no need t o  u s e  HF t o  remove t h e  f e ld spa r .  Sample 9 
was, t h e r e f o r e ,  simply washed and d r i e d  a f t e r  t h e  HC1 t rea tment .  The peaks were c l e a r  
a s  f o r  6 and 7. 10  was etched i n  HF f o r  45 minutes t o  g ive  a comparison, and t h e r e  
was no s i g n i f i c a n t  d i f f e r e n c e  between 9 and 10. I f  t h e r e  was any r e s i d u e  of CaF2 a f t e r  
HF e t ch ing  of t he  quar tz ,  t h e r e  is no evidence of i t s  e f f e c t s  on predose r e s u l t s .  



From t h e  r e s u l t s  i n  Table 2, t h e  average of t h e  i n t e r c e p t s  r ep re sen t ing  t h e  
a r chaeo log ica l  dose  i n  terms of B- i r rad ia t ion  t i m e  i s  76 minutes,  w i t h  a s tandard  
d e v i a t i o n  of 12.9 which i s  17%. The l a s t  t h r e e  r e s u l t s  f o r  t h e  l a r g e  g r a i n s  a r e  
above average,  and i f  they  a r e  omit ted,  t h e  mean is 71 and t h e  s tandard  d e v i a t i o n  is 
10.6 o r  15%. 

Table 2 

Sample Grain s i z e  HF P l o t  l i n e a r  t o  S ,, /S n Equiv. Arch. Dose 

4 e 90-10611 none 350 r ad  23% 82 min. 
8a  150-35511 I I 200 26 9 0 
8b l1 11 

1 2  l l l 1  > 600 11 7 7 
14 l r  I? > 350 9 60 

I n  t h e  above, t h e  ~ L / t e m p .  p l o t s  a r e  a s  i n  Fig. 2. So i s  t h e  plateau h e i g h t ,  and 
i s  a t t r i b u t e d  t o  f e l d s p a r ,  n o t  quar tz .  So i s  sub t r ac t ed  from S,, etc. i n  de r iv ing  f i g u r e s  
i n  t h e  f i n a l  column. 

45 min. > 600 
11 > 400 
11 200 
11 > 400 
l l > 350 

none > 350 
45 mln. 250 
45min .  > l 0 0  

I n  t h e  las t  e i g h t  samples, t h e  TL/temp. p l o t s  have symmetrica1. 1 0 0 ~ ~  peaks, 
as i n  Fig. 3. So is t h e  he igh t  of  t h e  peak be fo re  a c t i v a t i o n .  Values of So a r e  
d is regarded  i n  der i i r ing f i g u r e s  i n  t h e  f i n a l  column and p l o t s  a s  i.n Fig. 1. 

8b rece ived  a dose of 600 rad  be fo re  t ak ing  a glow-curve, and t h e r e  was 
then  p a r t i a l  s a t u r a t i o n  prevent ing a predose e s t ima t ion  of archaeol.ogica1 dose. 

Mean of t h e  twelve r e s u l t s  76.4 
Standard d e v i a t i o n  12.9 

Mean of  f i r s t  n i n e  r e s u l t s  ( smal l  g ra ins )  71.1 
Standard d e v i a t i o n  10,6 



, 

6. Age of samples 

C a l i b r a t i o n  of t h e  B-source was  c a r r i e d  o u t  by D r .  A .  F. McKinlay of t h e  
S c o t t i s h  Radio logica l  P r o t e c t i o n  Board us ing  LiF phosphors 1 mm th ick .  The dose- 
r a t e  deduced f o r  1 0 0 ~  g r a i n s  of qua r t z  is 2.5 rad/mln. This is  based on t h e  
c a l i b r a t i o n  d a t a  t oge the r  wi th  t h e  gra in-s ize  c o r r e c t i o n s  (Wintle and Aitken,  1977). 
These c o r r e c t i o n s  a r e  n o t  very  s e n s i t i v e  t o  gra in-s ize  i n  t h e  range  100 t o  300v, s o  
t h a t  t h i s  f i g u r e  a p p l i e s  t o  a l l  bu t  t h e  l a s t  t h r e e  samples. For 1 mm g r a i n s  t h e  f i g u r e  
w i l l ,  however, b e  reduced t o  2.1 radlmin,  The archaeologica l  dose-rates i n  Table 1 
must be  mult ipl . ied by t h e  fol lowing f a c t o r s :  100~1,  0.90; 300~1, 0.82; lmm, 0.61. These 
f i g u r e s  have been deduced from ~ e j d a h l ' s  t a b l e s  (1978) al lowing f o r  t h e  K20, U and Th 
c o n c e n t r a t i o ~ l s  determined i n  paragraph 4 above. The ages deduced a r e  consequently a s  
fol lows : 

Samples 4 e and 7 a - 1820 yea r s  
t t  6 ,  8,  :l.l, 1.2, . l4 - 1.940 yea r s  
I t  9 and l 0  - 2130 yea r s  

It appears  t h a t  agreement comparing d i f f e r e n t  g r a i n  s i z e s  would b e  b e t t e r  i f ,  
r e l a t i v e  t o  t h e  100p f i g u r e s ,  t h e  mul t ip ly ing  f a c t o r s  f o r  t h e  l a r g e r  g r a i n s  were e i t h e r  
l a r g e r  f o r  t h e  Mejdahl. c o r r e c t i o n  o r  smaller f o r  t h e  Wixltle-Aitken co r rec t ion .  Taking 
i n t o  account t h e  number of samples w i th  t h e  d i f f e r e n t  s i z e s ,  t h e  b e s t  f i g u r e  f o r  t h e  
age i s  1950 years .  The s tandard  d e v i a t i o n  is,  however, no t  less than  + 280 years .  
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