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"For to  be possessed of good mental powers i s  not suff ic ient ;  the principal matter 
,is to apply t h e m  well. The greatest  minds a re  capable of the greatest  vices as 
well as the greatest  virtues,  and those who proceed very slowly may, provided they 
always follow the s t ra ight  road, real ly  advance much fas te r  than those who, though 

. they r u n ,  forsake i t . "  ~ e n b  Descartes, i n  "Discourse on the Method of Rightly 
Conducting the Reason and Seeking for  T r u t h  i n  the Sciences" (from a translation 
by E. S. Haldane and G .  R.  T.  Ross). 
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PRIMARY AND INTERLABORATORY CALIBRATIOII OF BETA SOURCES USING 
QUARTZ AS THERMOLUMINESCENT PHOSPHOR 

G .  A ,  Wagner 
Max-Planck-Insti tut f u r  Kernphysi k 
Pos tf ac h 1 03980 
D-69 Heidel be rg l  West Germany 

1. INTRODUCTION l 
-p-- F 
In themo:luminescer~ce (TL) dating i;t: is necessary t o  determine the TL sen- 
s : i t i .viQ of ,the mte r i a ' l  used for' the m a s m q e n t  of the so called natural  
TL. Since 2 t  i s  generally assured that: the r e spnse  t o  g m a  rays is  ,the 
same as t o  beta rays, m)st laboratories use bet,a solrces f o r  sample irra-  
diat:ions , because they are easier  .to handle .h routine work. Howevert, beta 
sources :in?mluc;e a disadvant:age due t o  the dif'f'ic;ulty of t:heir exact: pv5- 
mary ca'1:ibrati.cn as compar-d .t:o ganm sourc2es. In pr7evious wo~k ( Z i m n ~ m n a r l  
1971; W.intle and Mmay 1977) the TL of' natural CaF was used .to compare 
known gamma doses with the  dose delivered by a beta go-e. This paper des-W 
ci?.ibes a s:imilar~ appr'oatA but with chemicall.,y p m  quxztz as  TI., pilosphor to 
ci.rcumvent the  1xncerta:in.t~ introduced by ,the cal.culzti.orl of the beta dose- 
r a t e  deliver-d t o  ceramic mat:er.ial from tha t  delivered t o  nat~wal,  f'l.uori.te. 

Comn-iem:ial coarse-gra i ned quartz (Merck , Quarz feinktjrnig, gewdschen und 
gegltiht, P.A. ,O.1 - 0.5 mm) was crushed and sieved. The p a i n  s ize  fraction 
of 125 - 200 p was  etched with 40% Ilydrmf luoric acid as in the sample PR-- 
paration for. the quartz .inclusi.on technique (F.Leming 19701, so that  the re- 
sul t i n  q ~ a r t z  sample had a grain s i ze  range of 70 - 150 pm. After anneal ing a t  .p 7 0 0 0 ~  o r  threa hours, samples were prepared f o r  the gamma i r r a d i a t i o n s  by packing 
about loo mg qumt.z grains in small ~olvethvlene bags so that  the sample 
thickness w a s  less than 1 mm. Alternative1.y 2 mg samples were placed i n  small 
pcllye thylene containers . 
'('CO g m  i:m>adiat:ions (E = 1.25 MeV) were accompli,shed a t  t:he In s t i t u t  fIir 
Strah1,enschutz of' the GSF at  Net.herberg/Miirlchen (Gemnany) and the  Studien- 
besel.l.schaft fiir Atomenerj~ie ( S W )  a t  Se:ibersdqrf (Austria). In both cases 
'the ernosure w a s  kncmto an emmr of l.ess than - 1% at c)ne standard devitit::ic>n 
.fmm cal ibr>at ion wi:th a mavhi. t e  cavity absolute chamber. 
To achieve secondavv electron eaui1ibri.m conditions .the gamma i r rad  i a t,i o ns 
w e r e  carvied out behind 0.5 cm perspex absorbers at a s o m e  t o  s m 1 . e  dis- 
tance of' 100 cm. The sml.l build up e.ffect: due t o  the persuex-auartz : 5 n t e ~  
face i.s e s t k t e d  ,to be l e ss  than 0.5%. In additi.on .this i.s ,partlv compen- 
sated by the  attenuation i n  the quartz mains. 



The dose delivered t o  the s m l e  was  calculated using the ra t io  of the mss 
energy absorpti.on  coefficient:^ pen quartz and air, b m i n g  that  1 rijntgen is 
equiva1.en-t to 0.869 rad :in air,-hat energy so that 

a1 
P qumtz 

X- 
en - p air 

Where D is the absorbed dose delivered t o  quartz and X the exposure. The 
value of mass ener7gy absorption coefficient fo r  quartz using the values f o ~  
silicon and oxygen (Attix and Roesch, 1968) was ca-ku12ted to  be 0.0265 m /g 
at 1.25 MeV. The value of -- Aen  for a i r  is 0.0266 on /g which yields 'f-0.867 
a t  1 .25  MeV. P 

The beta source? ased were identical 40 rnCi disc sources of "Sr - 
.type SIP 13,  fmm the Radiochdcal  C e n t r ~ ,  Amersham. The active area is  1 2  mn 
in di.,amet:er and 0.02 m t : l ~ : . i c k  The sources we screenedgyji.th 2 0. l rm s i lver  

Wi"dBd; 
which absorbs the lm energy bet.a r>adi.at.i.on of Sr. The max.hum energy 

for  is 2.26 MeV. 
The beta im>adiati.o~ls were performed with quartz grains on the ni,&mrne 
heating plat:e at a sample t o  solure distaiceoof 16.0 m. Quartz is  kncm t:o 
exhibi.t a predose effect: not only a t  the 100 peak hut also .in the h:ig11 tenl- 
perature region (Ai.tken and Fl.eming , 1972)  so that  direct matching of  the 
TL, s:ignals aft ,er  gamma 2nd beta ir~>adi.ations c:ould lead .to a tmng esthzt-ion 
of the dose-rate deli..verecl by ,the beta source. Fox. t h i s  reason all, nleasurernents 
were 11ormal.ized .to a second standard beta i:m.ad.iat:ion. Due ,to .the yredose effec.t 
the dose-,r?at.e of the  beta source is overestimated, if ,the beta dose i.s delivexd 
a f t e r  the gamma dose. This is, h m v e r  , the most convenient way, because the 
sample should not: be removed f r o m  the heating plate after. 'the :E.ir?st: TL measure- 
ment. Thi.s prelifinary value i.s used 21 ,the second step of' t:he calibration, 
where the  noml.:izecl TL intens2ti .e~ a f t e r  gamma, irradiat:io~ls are compwed w:i:.t"rl 
.the normalized signals &:er the be.t:a i.madi.at,i.ons on another quar tz  al:iquot:. 
'I'he beta doses are chosen so that the rat.i.0 of gamma t o  beta dose .is c:onstan.t 
and nearly ~~?i:ty. Assuming eciual. p ~ d o s e  sens?t:ivtty for> beta and gamma rays, 
a graph of norm1,ized TL h t ens i t i e s  a f te r  beta and g m  doses shou1.d g:ive a 
s t~a i . gh t  l ine  i,deally passing ,t:hrough zem. The sl.ope of the graph :i.s used t o  
cal.cul.at:e t:he exact: dose rate of' the Ixta source i n  the foll.cxwhg way: 

TL, = DL, . tB . E, B 

TL B , TL yare the TL signals after bet:a and gannna imadiations and Eg , Ey a- 
the TL eff 1cienci .e~ for beta a r t l  gamma radi.titi.ons . IIL ,CJ is the dose rate of the 
beta source and tp the  beta irrad:i,ation time i n  minutes. t g is the beta irra- 
diation t b  when TL 6 = TL and assuming equa'l TL effi.ci.ency for  beta and 
gamma ractiation 

DLo equ = X .  f ( 5 )  

so that using (1) - LL - -  
t f i  equ D L ~  . D 



the inverse slope of the cal.ibration graph (Fig. 1,) yields the dose ra te  
of the beta source in rad/min. . O  
TL intensiti.es were measured u s b g  the 375 C peak d m u m  of the quartz glow 
curve. This peak shifted sl ightly t o  l m e r  t;emperatmes with increasing dose, 
but t h i s  had apparently no efffect on the results. 

3. RE3.JLTS OF THE PRIMARY CALIBRATION 

F:ig. 1 shms the cal.ibration graphs of the two f ~ t a  sources nm used fi)r TL 
dating programmes in+,Ileidelberg (HD) and Vienna ( W ) .  The ermr of the indfvi- 
dual measurement: is - 3% at one stand& deviation and that of' the slope - 2% 
also at  one standard deviation and calculated afzer the method of Kerrich 
(Sad~s ,  1974). For soyrce EID a dose ra te  of 101 - 2 rad/min was determined 
arld for source W,125 - 3 rad/min. These values are fo r  quartz p a i n s  with a 
grain s ize  of 70 - 150Pm deposi.ted on 0.5 mm ni.dhmme and irradi.ated fmm a 
distance of 16.0 mm in the s m  i.rradi.atic~n geometry. 

4. INTERCOMPARISON OF THE BEI'A SOURCES -- --- 
In the  same marmer as in the p r h m y  calibration the two beta sources wer? 
compared with each other. Qie p r i m 7  calibrzt ions imply a ra t io  of 0.81 - 
0.02 for  gource HD relat ive t o  source W. The experimentally determined rat i o 
was 0.79 - 0.03 in gm1 agreement. with the primary calihrat ions. 

DISCUSSION 

It was  menti.oned by &.M. J'.Aitkerl (Aitk,en 1978) ,that ,the g1.m c:we of quartz 
i.s h.ighl_y dependent on -the annealing procedure. In addition other phosphors 
such as natural CaF2 have much higher sensitivi-es as compared t o  qu~a~~tz .  They%- 
fore quartz was not consi.dered a good phosphor? for beta source calibrations. 

In a preliminary dheck .the quartz used i n  th i s  stuiiy was mea.l..ed i n  dif f e r e ~ ~ t  
ways. So far only an increasing sensi.t:ivity was  observed w:ith Lncrea.s.ing m e a -  
l ing temperature and time. Hmever, the shape of the glm curve di.d not chalge 
as t o  be seen in f'i.g.2. Si.rlce only nomli.zed TL intensi.t:i.es were used in cxn. 
cal.ibration procedure, a different sensitivity should not: effect ,the resu:l.ts. 
In addition, the quartz grains for  each calibration were anneal..ed un~der the 
same condi.t:i.ons . 

6. CONCLUSION 

y~ g~use$~uartz grains as phosphor for  the p r w  calibrat;ion of two 40 nCi 
Sr - Y beta sowyes against two different CO g m  irra(1iat:ion .facili.ties. 

These primry calibrtiti.ons were checked by a direct comparison of' the beta 
sources. The values agreed w:ith:b t;he expe~.hental. error :limits. The dose ra te  
values obtained by calibrati.on with quartz can directly be used for  age deter- 
mination~ of ceramics. This exc:ludes any e m r  introduced by the dose ra te  con- 
version frnm other phosphors t o  ceramic mte r i a l .  In addi.t,i.on quartz as we used 
it: is easily obta.ir~able h large quanttties at a very l u w  price. These advan- 
tages may outweigh ,the : L o w e r  sens5tivity, especially i n  cases where more material 
is needed than for just one calibmti.on, such as  interlabo~atory comparisons. 

Financi.al support of the Aus trial "Fonds zur FZjrderung der wissenschaftlichen 
Forsdhung" and the %.if tung "V~lkswagenwerk~~ is great ful ly ac know1 edged . For the  
gamma irradiations and valuable discussi on we thank Prof. F. Wachsmann and Dr. D. Regullc 
fram the GSF Neuherberg/Miinchen and Dr.  K. Duftschmid and M r .  C h r  . Strachot insky f mm 
the Dosimetrie-Eichlabor (DEL) a t  the research center Seibersdorf. 
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FIGURE CAPTIONS - 
Fig. 1 : Calibration graphs of tx, - beta sowres used .n 

Heidelberg (HD) and Vie- (W) fmn c o m ~ i s o n  with G'CO 
gamma imadiations. The Patio of garm~ and beta doses was chosen 
t o  be a p p ~ a x h t : e l y  uni.ty t o  m.in,imi.ze predose  effect:^. All TL 
signals were norma1,ized to  a second standard beta irradiation 
of ,the same sample. 

Fig. 2: Glow c:urves of 3 mg samples of quartz grains (Merck, Quarz fein- 
kGrnig, P.A.) of the  70  - 150 urn p a i n  s ize  fraction, after7 
different anneali.ng procedures: 
1 - three hours at 7& 

0 2 - s ix  hours a t  7~x3 C 
o 3 - twentyone hours at  C 

0 4 - three horns at 800 C 
0 5 - three hours at  900 C 

A l l  anneal.ings w e r e  carried out in air. 



Following a suggestion by Dr. M. J .  Aitken a limited number of irradiated 
quartz samples will be available free by May 1979. 0 set consists of 
five 200 mg samples, which have been irradiated in a ggCo beam to an absorbed 
dose of 600 to 4000 rads. A 300 mg sample of unirradiated quartz from the 
same batch of annealing and etching procedures will be provided. 

For samples and additional information apply to Dr. E. Pernicka at the address 
on page 2. 



7 
LETTER TO THE EDITOR 

Removal of Ca& contamination 

We would l i k e  t o  report  some t e s t s  we have made concerning methods 
of removing CaF, contamination. Two methods were found, one rather 
slow but easy t o  carry out, the other quite f a s t  but involving the 
use of concentrated acid. 

The contamination was on s i lve r  pl.anchettes and could not be removed 
by scraping, washing o r  immersion i n  an ultrasonic bath. 

a )  Slow method 
CaF, i s  moderately soluble in solutions of ammonium salts. A 
contaminated planchette was placed i n  a solution of ammonium 
chloride f o r  about 30 minutes in an ultrasonic bath, and i t s  TL 
response compared with a similarly contaainat;ed planchette 
t reated f o r  30 minutes ,b an ultrasonic bath .in d i s t i l l e d  water. 
The contaminant was natural  CaF, , MBLE type S. 

The heights of peaks I1 and 111 were found to  have been reduced 
by about 50% by ,the ammonium chloride treatment compared with the 
control. Soaking the planchette overnight was even more effective, 
reducing the TL from the contamination by about a fac tor  of 10. 
No effect; was discerned on the  s i l v e r  a f t e r  t h i s  length of time, 
and we would not expect any reaction t o  take place ~ 5 t h  the more 
commonly used aluminium planchettes. 

b) Fast method 
CaF, i s  dissociated by concentrated sulphuric acid. A s i l v e r  
planchette dropped i n t o  a t e s t  tube of t h i s  acid and l e f t  there 
f o r  10 minutes was found t o  have been e f f i c i en t ly  cleaned. When 
the planchette w a s  tes ted by being given the same dose as previously 
(about 700 rads), no high temperature TL was found. Testing of the 
Uquid residue f o r  dissolved s i lve r  showed none had dissolved, and 
t h i s  was confirmed by weighing the planchette before and a f t e r  
treatment. No change i n  the appearance of the planchette was seen. 

Application of these methods of cleaning t o  contaminated heater plates, 
although d i f f i cu l t ,  should not be impossible. I n  theory nichrome 
heater plates  should not be affected by e i ther  ammonium chloride 
solution o r  concentrated sulphuric acid, but thermocouple wires and 
connections t o  the  p la te  would probably be attacked by the acid so the 
slow method seems more applicable. One possible method would be t o  
remove the heater plate and thermocouple, and soak it overnight i n  
ammonium chloride solution. 

J D Turner 
K J Matthews 
Bri t ish Museum Research Laboratory 
Great Russell S t ree t  
London WClB 3DG 



8 
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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A REMINDER TO CONTRIBUTORS 

Send your contributions for  Ancient TL t o  the edi tor  a t  the letterhead address. 
Instructions for  manuscript preparation mayTe found i n  issue No. 1.  To help minimize 
publication costs,  i t  i s  also requested that  single spacing be used, as i n  the a r t i c l e s  
of this issue. 



A NOTE ON THE PLATEAU TEST AS USED I N  THERMOLUMINESCENCE DATING 
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Abstract 

Attention i s  drawn to effect of the presence of non-first-order TL kinetics 
upon the production of a TL "plateau". 

l .  Introduction - the "plateau t e s t "  

The "plateau t e s t "  i s  a useful cr i ter ion for determining i f  the localized I 
energy levels ( t raps)  associated w i t h  a given temperature interval thermoluminescence I 
(TL) glow-curve are deep enough for  long-term retention of the charge carr iers  (electrons f 
of holes) dur ing  antiquity. In principle, the glow-curve of the natural TL (TLN) i s  
compared w i t h  that of the TL resulting from a r t i f i c i a l  irradiation (TLA), and a plot I 

Ii is madexof the ra t io  TLN/TLA against glow-curve temperature. Those traps which do not i 
have the necessary s t ab i l i ty  are  indicated by a non-constant value for  the TL r a t i o  
w i t h  glow-curve temperature. The region of s table  traps i s  indicated by a constant l 
r a t io  - or "plateau" (Aitken, 1974). 1 

I 
In practice, however, samples tested in this fashion often produce poor plateaus, 

or  may sometimes f a i l  to show a plateau a t  a l l .  One reason for  this i s  a change i n  the 1 TL sens i t iv i ty  induced in the sample which has been heated prior to  a r t i f i c i a l  irradiation. ; 
To circumnavigate th is  problem, the procedure most widely adopted i s  to  a r t i f i c i a l l y  i 
i r radia te  a previously undrained sample and a g1 ow-curve corresponding to the a r t i f i c i a l  " 
plus natural TL (TL(A+N))  i s  then produced. The plateau t e s t  i s  then carried out by 1 
plotting the r a t i o  TLN/ (TL(A + -TLN) a a ins t  glow-curve temperature (e.g. Ai tken and '' Fleming, 1972; Seeley, 1975; Ai tken, 1978 7 . l 

l/ 

Other d i f f i cu l t i e s  which may give r i s e  to a poor lateau a re  supralinearlty, 
anomalous fading, and non-radiation-i nduced ("spurious"! TL. Indeed, the presence of 
spurious TL i s  o,ften tested for by means of a "plateau tes t" .  

2. Second-order kinetics 

Another, although perhaps as yet ,  not fu l ly  appreciated, effect a r i ses  as a 
simple consequence of the presence of non-first-order TL kinetics during the recombination 
process. A TL peak which i s  governed by pure f i rs t -order  kinetics will always appear a t  
the same glow-curve temperature, no matter to  what level the traps are  i n i t i a l l y  populated. 
Second-order kinetics, however, resul t  i n  a s h i f t  i n  peak position with varying in i t i a l  
trap-populations, in particular the peak temperature T* increases as the i n i t i a l  trap- 
occupancy U decreases (Garl ick and Gibson, 7948). In general, TL peaks obeying non- 
first-order Rinetics show an increase in T* w i t h  decreasing no , the degree of increase 
in T* depending upon the exact order of the kinetics. 

The relevance o f  th is  t o  the "plateau t e s t "  i s  simply t h a t  a natural glow-curve 
(which may be the resul t  of an absorbed dose i n  antiquity of 104 - 106 rad) cannot be 
compared w i t h  an a r t i f i c i a l  glow-curve when the a r t i f i c i a l  TL has been produced by 
irradiation w i t h  102 - 103 rad only - i f  the kinetics of the TL process are higher than 
first-order.  The differences i n  trap-occupancy are such tha t  significantz differences 
i n  T* will resul t ,  and thus by comparing the natural TL curve with the a r t i f i c i a l  
curve we are not comparing "l ike-with-l ike", A plot of natural TLlartiffcial  TL will 
thus resul t i n  a very poor p1 ateau. 



To demonstrate this I have constructed a glow-curve, shown i n  Figure 1 ,  using 
the normal TL glow expression, assuming second-order kinetics (e.g. see Chen, 1976). 
The values used for the trapping parameters are  E1 = 1.0 eV; S = 1.3 X 1013 S-l ;  

no = 5.0 arbi t rary unitsb E = 1.2 eV; S2 = 1.0 X 10'3 S-'; go= 10.0 arbi t rary units;  
E3 = 1.4 eV; S3 = 8.7 X 1012 ; no = 8.0 arbi t rary units. 

Curve (a )  represents the "natural" glow-curve, i n  which there has been some 
thermal fading ofothe less  stabl e traps during "antiquity" (equival ent to  having heated 
the sample t o  250 C ) .  Curve (h) represents the "a r t i f i c i a l ly"  irradiated sam l e ,  having 
been given a dose of radiation ( D A )  equal to  i t s  natural dose (D ) Curve (c 7 is tha t  
glow-curve obtained w i t h  D = 2 D and curve (d) i s  with D = D Y2. Curve (e) i s  
equivalent to  superimposin~ an arvif icial  dose DA = D N  on top  o! the natural dose. (Note 
that  e # a + b). 

The "plateau t e s t s "  obtained by dividing curve (a )  by the other curves, is shown 
in Figure 2. Only*whe!,the natural curve i s  divided by an a r t i f i c i a l  curye which 
has an a r t i f i c i a l  dose equal4 t o  tf?(: natural dose, is a &%o$ platkau . Poor 
plateaus, o r  no  plateau a t  a l l ,  resuf t w i t h  a l l  the res t .  

3. Importance - of non-first-order kinetics in TL dating 

I t  .is fortunate tha t ,  wi t h  quartz (perhaps the mos t often dated archaeological 
material ), the complications of second-order kinetics do not  appear to  be a problem. 
The resul ts  of both Aitken and Fleming (1972) and Levy (1978) imply tha t  the kinetics 
of the T t  process i n  quartzhare almost pure first-order.  Natural f luo r i t e  (Aitken 
and Flemi ng ,  1972) also'  exhi6i t 5  fi'rst-ordeF kinetics, However, Levy (1 978) finds 
second-order kinetics fo r  the TL of a1 b i te  and suggests that  the TL from a l l  other 
feldspars will follow se~ond-order kinetics. Prakic (1977) finds that  a kinetic-order 
of 1,5 best describes the TL from natural barite.  Wintle and Aitken (1977) observed 
that isothermal decay experiments on one of their  f l i n t  samples caused the peak t o  
s h i f t  to  a higher temperature as the sample was thermally drained, In addition, when 
an a r t i f i c i a l  dose i s  superimposed on the natural dose, the resultant glow-curve shows 
a peak which i s  a t  a lower temperature than the corresponding peak in the natural glow- 
curve. This i s  strongly indicative of non-firs t-order kinetics and th i s ,  i n  t u r n ,  
may be part ia l ly  responsible for  the lack of a plateau for  th i s  sample. (1 t  should 
be pointed out tha t  M. J. Aitken (private communication) considers tha t  the s h i f t  i n  
the TL peak, w i  t h  isothermal decay, i n  this f1 i n t  sample i s  more l ikely t o  be due t o  
a spread in trap energies. However, non-first-order kinetics should not be ruled out.) 

4. Conclusions 

In addition t o  the effects  of sensi t ivi ty changes on heating, supralinearity, 
anomalous fading and spurious TL, the presence of non-first-order kinetics may be a 
contributing factor i n  the d i f f icu l t ies  met w i t h  when attempting a "plateau t e s t "  in 
some material S. Unless considered, non-first-order kinetic S may give r i s e  to  misleading 
interpretations - for  example, they may lead one to suspect the presence of spurious TL. 
Some samples, which may be otherwise suitable for TL dat ing,  a re  often discarded on the 
basis of a poor plateau. Complications due to non-first-order kinetics should be borne 
i n  mind, and rejection of some samples may not  prove necessary. 
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Figure 1 

Temperature [OK ] 1 l 
An imaginary glow-curve consist ing of three  peaks, constructed using 
E = 1.0eV; E = 1.2 eV and E = 1.4 er/. Values fo r  S and n a r e  given 
ih the  text .  2~econd-order k iae t ics  a r e  assumed f o r  each Curve (a 
represents the "natural" glow-curve; curve (b)  represents the  " a r t i f i c i a  
glow-curve obtained a f t e r  i m  a r t i ng  an " a r t i f i c i a l  dose" D equal t o  the 
"natural dose" D . Curve (c i s  obtained w i t h  DA = 2D an t  curve (d)  i s  
with DA = DN/2. 

7 
N ~ u r v e  ( e )  is  equivalent to  supe rimposyng an a r t i f i c i a l  

dose DA = D N  on top of the  natural dose. (Note that  e # a + b)  
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Figure 2 The "plateau t e s t s "  obtained by dividing curve ( a )  from Figure 1 by each of 
the other curves. A = a/b; B = a/c; C = a/d; D = a/e; E = a/ (e-a) .  

[Editor's Note: Measurements b Singhvi and Zimmerman ( Archaeometry, i 
Volume 21 ( l) ,  1979, p. 73-77 indicate that  the dominant luminescent mineral in some l 

l 
1 

f ine grain pottery samples is feldspar. Such samples may exhibit non-first-order kinetics i and, as a resul t ,  have poor plateau characteristics as described above,] 
I 
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