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"The most beautiful thing we can experience i s  the mysterious. I t  i s  the source I 

of a1 l t rue a r t  and science.' ' 
: A1 ber t  Ei ns t e i  n 
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PRELIMINARY ANNOUNCEMEMT - THIRD S P E C I A L I S T  SEMINAR 

The T h i  rd Speci a1 i s t  Seminar on Therm01 u m i  nescence Dating w i  l1 be he1 d 
July 26-31, 1982 a t  Roskilde, Denmark. As before, the orientation will  be 
towards those actively engaged i n  thermoluminescence and a l imitation t o  
seventy part i  ci pants i S envi saged. 

Those who participated i n  the 1980 Seminar will  be sent  de ta i l s  when 
available;  others interested in attending should write t o  Vagn Mejdahl , 
Research Counci 1s ' Archaeometry Project,  Risa National Laboratory, DK-4000 
Roskilde, Denmark. 

The preparation o f  t h i s  document was supported in par t  by National Science 
Foundation grant BNS 76-82645 and in par t  by subscription fees .  



ON THE LOCAL AND INTERNATIONAL CALIBRATION OF BETA SOURCES FOR T L  DATING 

B.W. Smith and J.R. Prescot t  

Department o f  Physics, U n i v e r s i t y  o f  Adelaide 
ADELAIDE, SOUTH AUSTRALIA 5001 

Samples f o r  i n t e r l a b o r a t o r y  B-soucce ca l  i b r a t  i on  have been avai l a b l e  
i n  the l a s t  couple o f  years from both  M. A i t ken  (Oxford) and E. Pernicka ( A u s t r i a ) .  
Both o f  these have been used f o r  comparison w i t h  t h e  Adelaide source, which had 
p rev ious l y  been c a l i b r a t e d  by gamma-irradiated CaS04:Dy ( ~ a r s h a w ) .  

The o r i g i n a l  c a l i b r a t i o n  was made us ing CaS04 g r a i n s  i n  the  s i z e  
range 75-180 llm. A f t e r  anneal ing, the  CaS04 sample ( i n  b u l k  form as descr ibed 
l a t e r )  was g i ven  84.6 rad from a 6 0 ~ o  source a t  the Royal Adelaide Hosp i ta l .  
A g raph i te  para l  l e l  p l a t e  i o n i z a t i o n  chamber was used t o  measure the  exposure 
t o  an accuracy o f  " b e t t e r  than" k 2%. I n  o rde r  t o  achieve secondary e l e c t r o n  
equi l i br ium the sample was surrounded by a 3 mm l aye r  o f  se len i  t e  ( ~ a ~ 0 4 )  which 
lends i t s e l f  t o  cleavage i n t o  s labs o f  un i fo rm thickness. Standard c a l c u l a t i o n s  
such as those descr ibed i n  A t t i x  and Roesch (1968) were then used t o  o b t a i n  the  
dose d e l i v e r e d  t o  the  gra ins .  

There were th ree  main peaks i n  the  CaS04 glow curve. The f i r s t  ( i  .e. 
lowest temperature) peak i s  suscep t ib le  t o  r a p i d  fad ing and the  t h i  r d  peak shows 
a pre-dosing e f f e c t .  Hence i r r a d i a t i o n s  w i t h  t h e  B-source were aimed a t  matching 
the  second peak a t  about 230" C. Whi le t h i s  peak a l s o  shows a smal l predose e f f e c t  
on t h e  h igh  temperature s ide,  i t  i s  poss ib le  t o  choose a range o f  20" cover ing  
the top o f  the  peak which i s  v i r t u a l l y  f r e e  o f  predosing. There was no fad ing  over  
a six-week period. About 3 mg o f  the  i r r a d i a t e d  CaS04 was s p r i n k l e d  un i fo rm ly  
on t o  each l cm diameter  s t a i n l e s s  s tee l  d isc.  S i l i c o n e  spray was used t o  
secure the sample. Measurements were made on twelve separate sample d iscs,  w i t h  a 
sample standard e r r o r  l e s s  than 1%. The r e l a t i v e  s topp ing powers o f  CaS04 and 
S i O e  suggest t h a t  the  dose t o  q u a r t z  i s  a f a c t o r  1.02 ( 4 2% ) h ighe r  than the  
dose d e l i v e r e d  t o  ca lc ium sulphate a t  an e l e c t r o n  energy o f  0.8 MeV. This i s  about 

9 0 the mean energy from our  S r  source type SIP1 from the Radiochemical Centre, 
Amersham. For the  standard "high-mount" "on p l a t e u  source geometry t h a t  we use, 
the dose r a t e  from the 5 m C i  B-source was determined t o  be 22.2 k 0.6 rad min" t o  
quar t z  on s t a i n l e s s  s t e e l  d iscs .  

For the  second c a l  i b r a t i o n ,  e leven d i scs  were prepared f rom the coarse 
g r a i n  f l u o r i t e  (90-150 um) supp l ied  by Oxford and both  peaks l 1  and I l l  were used 
f o r  matching ( ~ u r r a y  and Win t le ,  1978 and Ai  tken, 1978). As Oxford does n o t  quote 
an e r r o r  f o r  t he  gamma-i r r a d i a t i o n ,  we assumed t h a t  i t  was 2%. An e r r o r  o f  2% 
was a l s o  used f o r  the  uncer ta in ty  i n  the convers ion from dose-to-CaF2 t o  dose-to- 
qua r t z  (a f a c t o r  o f  about 1 .OS). For ou r  source geometry the  dose t o  coarse 
g r a i n  quar tz  on s t a i n l e s s  s tee l  d i scs  was determined t o  be 21.1 k 0.6 rad min" . 



The f i n a l  c a l i b r a t i o n  involved t h e  use of coarse g ra in  (70-150 pm) 
quar t z  obtained from D r .  E .  Pernicka. Once again,  measurements were made 
accordi.ng t o  i n s t r u c t i o n s  (Perni.cka and Wagner, 1979) . A t  l e a s t  four  d i s c s  
were prepared from each o f  the  f i v e  samples provided, each of which had had 
a d i f f e r e n t  i r r a d i a t i o n .  Another four  w e r e  prepared f o r  each corresponding 
B- i r radia t ion  of  t h e  un- i r radia ted  quar tz .  Our 40 mCi  source was used f o r  
t h i s  c a l i b r a t i o n ,  s o  t h e r e  i s  an a d d i t i o n a l  e r r o r  i n  t h e  conversion t o  the  
5 mCi  source dose r a t e .  The resul . t ing  ca l . ib ra t ion  f o r  the  5 mCi  source was 
21.9 -+ 0.5 rad  min'l . B e l l  (1980) suggests  t h a t  t h i s  value may be about 
5% t o o  high. The weight.ed average c a l i b r a t i o n  f o r  the  5 m C i  Adelaide source 
is 21.7 2 0.4 rad  min" when only t h e  f l u o r i t e  and CaS04 measurements a r e  
considered. This would sugges t  t h a t  the  quar t z  c a l i b r a t i o n  does no t  need t o  
be reduced by S%, although such a reduct ion  would a l s o  be wi th in  the  e r r o r  
l i m i t s .  

The r e s u l t s  a r e  shown i n  the  accompanying t a b l e .  The th ree  separa te  
c a l i b r a t i o n s  agreed we l l ,  i n d i c a t i n g  t h a t  the  use of  any of the  m a t e r i a l s  
should provide an adequate measurement o f  the  B-source dose r a t e .  The 
Oxford-Adelaide comparison was included i n  M.J. Ai , tken8s  review of dosimetry 
c a l i b r a t i o n s  a t  t h e  1980 S p e c i a l i s t  TL Seminar i n  Oxford. 

C a l i b r a t i o n  By Place of  rad .  min-I 
--.- I r r a d i a t i o n  

CaSO4 Ade l a i d e  22.2 -+ 0.6 

Fl.uori, t e  Oxford 21.1 -+ 0.6 

Quartz Vienna 21.9 + 0.5 

A l l  s t r e n g t h s  have been cor rec ted  t o  g ive  the  dose r a t e  i n  February 
1980. 

In  view of  the  i s s u e  r a i s e d  by B e l l  above, it i s  worth en la rg ing  on 
a couple of  poir l ts  connected with our  gamma-ray c a l i b r a t i o n .  Our i r r a d i a t i o n  
c e l l s  ( f i g u r e  1) a r e  f l a t  c y l i n d e r s ,  5 cm i n  di.ameter and 9 mm th ick .  They 
a r e  made i n  two demountable ha lves  wi th  a 3 mm c a v i t y  i n  the  middle t o  contain 
the  ma te r i a l  t o  be i r r a d i a t e d  and a r e  made o f  t h a t  same mate r i a l :  v i z .  
s e l e n i t e  f o r  CaS04, pure s i l i c a  sand mixed wi th  a minimum quan t i ty  of s i l i c o n e  
p o t t i n g  compound f o r  Si02 and powdered n a t u r a l  f l u o r i t e  bound with s i l i c o n e  
fo r  CaF2. (Our measurements wi th  CaF2 and SiO2 a r e  n o t  repor ted  he re . )  This 
cons t ruct ion  automat ica l ly  ensures  t h a t  the  sample dose i s  obta ined under 
the  c o r r e c t  condi t ions  of  electron-photon equi l ibr ium.  

The c e l l s  a r e  symmetric and double s ided s o  t h a t  they can be i r r a d i a t e d  
from two s i d e s  i n  t u r n  by a 'CO t e l e the rapy  u n i t .  I n  t h i s  way the  p r e c i s e  
loca t ion  of  t h e  sample with r e s p e c t  t o  t h e  gamma-ray beam is no t  c r i t i c a l  s ince  
the  mean of  t h e  "up" and "down" readings is independent of small  depar tures  
from the  mean p o s i t i o n  t o  second order .  



We wish t o  thank B-W. Worthley f o r  a s s i s t a n c e  wi th  t h e  
gamma-i r r a d i a t i o n s  a t  t h e  Royal Adelaide Hosp i t a l .  The f l . u o r i t e  
c a l i b r a t i o n  samples were k i n d l y  supp l i ed  by M. Ai tken and t h e  q u a r t z  
by E. Pern icka .  The work w a s  suppor ted  by t h e  A u s t r a l i a n  Research 
Grants  Committee. 
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A METHOD FOR THE DETERMINATION OF TH-U CONCENTRATION RATIO 

Laboratorio d i  Term01 umi nescenza Appl i  cata a1 l  'Archeol ogia 
I s t i t u t o  di Fisica,  Oniversita di Milana, Via Celoria 16, 

Milano, I t a ly  

One of the main problems in calculating the annual dose r a t e  in pottery 
by thick-source a-counting (Tite and Maine, 1962) is due to  the e f f e c t  of 
sample r e f l ec t iv i ty .  Lack of information on the Th/U r a t i o  may be another 
source of  e r ror ,  mainly in  calculating B and y contributions t o  annual dose- 
rates  (Sasidharan e t  a l .  , 1978). This work i s  intended t o  invest igate  
the influence of r e f l e c t i v i t y  and to  determine indicat ively the Th/U r a t i o  
by a new method t h a t  needs only two single  channel analyzers . The method 
i s  similar to  tha t  suggested by Pierson (1951) and Sanderson (1979), but 
we found i t  t o  work only by eliminating the influence of r e f l ec t iv i ty .  

Reflectivity 

Huntley (1977) and Huntley and Wintle (1978) showed tha t  r e f l ec t iv i ty  
influences t h s  height of pulses arriving t o  the photo-mu1 t i p l i e r ,  so  tha t  
a poorly ref lect ing sample gives pulses much smaller than a highly re f lec t ing  
one. The discriminator se t t ing  adjusted so tha t  the count r a t e  i s  85% of the 
zero-extrapolated count-rate of a Th sample (or 82% of U sample) could then be 
affected by r e f l ec t iv i ty .  



We had a number of Th and U samples w i t h  d i f fe rent  values of 
re f lec t iv i ty .  For each of them we plotted the count-rates vs. discriminator 
se t t ing .  The s t r a igh t  l ines  of Figure 1 a re  f i t s  of the data by the l e a s t  
square method ( a l l  l ines  a re  normalized t o  the zero-extrapolated value of count- 
r a t e s ) .  The samples are: Th-l  NBL standard n.109 (monazite sand) kindly 
supplied by Dr. Ai tken, 100 ppm Th and 4 ppm U; Th-7 = 7540 ppm Th and 1490 
ppm U obtained from Mineralogy Ins t i tu t e  of Milano University measured by Ge(Li) 
spectrometry; U - l  and U-3 respectively 550 pprn U and 2074 pprn U from the Novazza 
Uranium mine in northern I t a ly  (STMUR-ENI propriety) measured by chemical analysis 
and Ge(Li) spectrometry; U-2 = IAEA standart  S-8 (pitchblende) 1187 pprn U .  U-2 
and U-3 were also analyzed by neutron activation by CESNEF (Centro Studi Nucleari 
Enri CO Fermi Pol i t i  ecnico di M i l  ano) . 

I t  can be seen from Figure 1 tha t  the threshold value a t  which the count- 
! r a t e  i s  85% or 82 % i s  d i f fe rent  for  different  samples. After fixing a discrim- 

inator se t t ing  f o r  a sample, the errors  we found for  other samples were ranging 
I up to  5%. To eliminate the e f fec t  of r e f l ec t iv i ty ,  we interposed between i the sample and the ZnS(Ag) sheet,  a thin (0.9 mg cm-l) mylar f o i l  covered 
g with aluminium. As a consequence, a reduction of the e f fec t  of r e f l ec t iv i ty  
i was observed as can be seen i n  Figure 2.  
1 

Th-U r a t io  

On the basis o f  the work done using SCA and varying the discriminator 
se t t ing ,  we used a MCA to  ver ify whether U samples are d i f fe rent  enough from 
Th ones &o obtain, from the shape of the spectra,  an indication of Th/U 
r a t io  in any pottery sample. As expected from the measures w i t h  SCA, the 
spectra are  different  depending on the r e f l ec t iv i ty  o f  each sample (Figure 3). 
A t  f i r s t  s ight ,  nothing can be said about Th/U ra t io .  Using again a t h i n  
mylar foi l covered w i t h  aluminium, the e f fec t  of r e f l ec t iv i ty  i s  eliminated 
and the spectra of Figure 4 were obtained. All the spectra of U samples 
are  quite similar,  and the spectra of Th samples, as well ,  b u t  there i s  an 
evident difference between any spectrum of a Th sample and a U one. 

Figure 4 shows also tha t  each spectrum can be divided in to  two d i f fe rent  
par ts .  The f i r s t  ( the shaded area in Figure 4) i s  qui te  s imilar  in a U 
spectrum and in a Th one (when normalized); the second i s  s igni f icant ly  
different  in U and Th samples. We can write:  C.7 = CO + C l ,  where CO i s  
the shaded area and CT i s  the to ta l  area (which corresponds t o  a we1 l - 
defined percentage of counts from a Th or  U sample tha t  i s  no more than 
85% for  the former and 82% fo r  the l a t t e r  because of the presence of the 
mylar f o i l :  in our case, t h i s  percentage i s  44.3% for  Th and 43.8% fo r  U 
b u t  i t  depends on the mylar thickness. Moreover, the r a t i o  C1/C will  be 
in a def in i te  relation with the Th/U r a t io ,  in Th samples being Purely higher 
than in U ones. In Table 1 a re  reported the values of Cl /CO r a t i o  f o r  a 
s e t  of samples whose Th/U r a t i o  was known by Y spectrometry o r  neutron activa- 
tion measurements. The lower value of C /Co  fo r  the U-2 sample could correspond 
to a non-equilibrium in U-Ra chain detec % ed by v-spectrometry and neutron activation. 



Table 1 

Th-l 

Th- 7 

1J- 1 

U- 3 

U- 2 

Concl usioris 

The pos s ib i l i t y  of having an indicat ion of Th/U r a t i o  by only two count- 
r a t e s  on the  same sample seems t o  be promising, avoiding 'long measures 
and e x p e n s i v e  i n s t r u m e n t a t i o n .  A s  a m a t t e r  of f a c t  besides t h e  usual 
instruments needed f o r  a-counting on th ick samples, this method requires  only 
an addit ional  SCA and an addit ional  counter. Even i f  t h e  calcula ted Th/U 
r a t i o  obtained by this method has only a q u a l i t a t i v e  s ign i f icance ,  i t  could 
be very useful i n  de temin ing  t h e  6-contribution t o  the  annual dose-rate 
of the  sample and the y dose-rate when only a small amount of s o i l  is 
avai lable .  I t  i s  a l s o  useful t o  evaluate y dose-rate when only an 
a-counting system is  avai lable .  

The author i s  g ra te fu l  t o  Dr. N.  Cuomo f o r  several  useful d iscuss ions ,  
t o  Mr. G .  Ferrandi f o r  technical ass i s tance ,  and t o  Miss M .  P .  Pisoni f o r  
carrying on many of t he  measurements. He i s  a l so  glad t o  thank Prof. G .  Spinolo 
f o r  h is  continuous i n t e r e s t  and advice. 
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I * 
h ISOLATION OF FINE GRAINS BY DILUTE AQUA REGIA 4 

Li Hu Hou 
The I n s t i t u t e  of Archaeology, Academy of Social Science of China 

9 Wang Fu Ta Chieh, Peking, China 

In the f ine  grain technique of thermoluminescence dating the 
sample contains several kinds of minerals other than quartz. Hence 
the glow curve i s  composite, made up of TL peaks from several d i f fe rent  
minerals. For such samples, the glow curve often has a f l a t  top as shown 
in Figure I. To t r y  and work with a s ingle  mineral component, we have 
devised a new method of sample treatment: 

i 
l 
t 1. A 200 mg sample containing grains less  than 74 pm i s  obtained by 

sieviny and p u t  i n  the bottom of a dry 100 m1 beaker. Approximately 20 m1 I 

of 15% aqua regia i s  added slowly. The mixture i s  s t i r r e d  w i t h  a glass  
, , rod and then a1 lowed t o  stand a t  room temperature fo r  10 minutes. 
! 

2. The sample i s  then centrifuged f o r  5-10 minutes. The supernatant 
liqutdis discarded and the sample washed three times w i t h  d i s t i l l e d  water. 

f I t  i s  then washed w i t h  acetone and the samples are then prepared in the I usual way. 

After such treatment, the glow curve i s  dominated by the 375'~ quartz 
peak, Figure 2.  The change in the glow curve shape i s  thought t o  be due t o  
the removal of cer tain minerals. This will be investigated fur ther .  

This method can also be applied t o  samples which have a low yie ld  o*f f ine  
grains when they are prepared i n  the conventional way by washing w i t h  acetone 
af ter  crushing. In these samples, aggregates of quartz grains are  formed due 
to  the presence of binding agents such as aluminates, aluminiferrous, 
fe r rofer r ic  compounds and sil icifie 'd.  t u f f .  This can be observed under a 
microscope. When aqua regia is  applied, the aggregates break up because the 
binding agents a re  dissolved. Thus, the f ine  grains of quartz a re  released 
and may be measured i n  the usual way. 

t "c 
? i s r e  1. The original glow curve, the sample Figure 2. The glow curve, which the sample 

is prepred wiinout aqua regib was treated by the aqus regia- 

Editor 's  note: Mention should be made here of other proposed acid treatments 
of f ine  grain samples. For example: 2% ace t ic  acid to  remove CaCO (Huxtable, 
J . ,  1978, "Fine grain dating",  PACT, 2 ,  7-11); Conc. Nitric/Conc. 3 ulphuric/ 
Perchloric, mixed 1: 1:2, used t o  remove clay grains in f ine  grain samples 
(Fleming, S. J . ,  1979, "Authenticity analysis using therm01 uminescence", 
PACT, .- 3, 360-361). 
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PHYSICAL RESEARCH LABORATORY TL DATES - 198% ( I )  

D. P .  Agrawal , N .  Bhandari , 
B. B. Lal* and A. K. Singhvi 

Physical Research Laboratory, Ahmedabad 380 009, India  

Following a r e  t h e  r e s u l t s  of  t h e  f irst  TL da t ing  p r o j e c t  undertaken 
by the Physical Research Laboratory. The samples dated were from a 
Ramayana assoc ia ted  si  t e ,  S r i  ngaverapura (A1 l ahabad) . The da tes  were 
assayed using f i n e  gra in  technique. The s i t e  and experimental d e t a i l s  
w i  1 l be pub1 ished elsewhere (Agrawal e t  a l .  , 1981 ) . 
References 

D. P.  Agrawal, N .  Bhandari, B. B. La l ,  and A. K. Singhvi ,  -- Proc. Ind. 
Acad. Sci . ( E )  i n  p ress ,  1981. 
P. 
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TL c?ate A r c h l .  e s t i m a t e  R a d i o c a r b o n  d a t e s  
(B.P. y e a r s )  (B.?. y e a r s )  (3.P. y e a r s )  

PilL:TL:21 1 7  R e d  Ware - 2660 2 2 W  2 700-3000 
P re-IiSW 

?I& :TL :24 ( L )  1 7  B l a c k  a n d  Red 2769 + 400 2 700-3000 
Wsre - ?re-tJBI.3 

PRL:TL:24 ( 2 )  i 7 BLack and iied 2690 2 250 2700-3000 
Ware - Pre-KBW 

PRL :TL : 29  18 B l a c k  S l i p p e d  2743 2 300 2700-3000 2700+130 (Pm-669)  
Ware - Pre-NBW - 1 9  B l a c k  S l i p p e d  - 28551200 (Pm-670,  
Ware 

Pi&:TLs33(1) 19E O c h r e  C o l o u r  2900 2 380 Pre-3000 - 
Pot te ,y  - OCW 

??L :TL:33 (2 )  13E O c h r e  C o l o u r  2355 + 270 P re-3000 
P o t t e ~ y  - OCW 

?m :"L : 38 (1) 13.3 Ochre C o l o u r  3015 280 P re-3000 
P o t t . & r y  - O C W  

*Radiocarbon  dates a r e  based on?+=5730 y e a r s  and 1950 as t h e  base year, w h i l e  TE dates have 
t h e  base yea r  1980. T k u s  there i s  a systematic d i f f e r e n c e  of 30 y e a r s  b e t w e e n  TL a n d  
ndiocarbon d a t e s ,  

* Indian I n s t i t u t e  of  Advanced Study 
Rashtrapati  Nivas, Simla 5, India 
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TL LA$DRATORY SURVEY 

To aide subscribers in v is i t ing  TL laboratories during t h e i r  
vacation/holiday time (o r  any other time fo r  tha t  matter) ,  a survey 
of TL laboratories is  being conducted t o  be pub1 ished in the newsletter. 
The preliminary laboratory l i s t  below has been compiled merely to  
include labs from various geographic areas and i s  not intended t o  be 
a complete l i s t ing .  In order t o  complete the l i s t  as well as obtain 
some indication of laboratory in te res t s ,  a questionai r e  has been 
attached to  each subscription invoice. I would l ike  t o  encourage 
each TL laboratory t o  take just a few seconds to  f i l l  i n  the questionaire 
and return i t  along w i t h  t h e i r  subscription remission. A tabulation of 
the responses and a f inal  version of the map will  be included in a 
subsequent issue of -- Ancient .- TL. Your Editor 

l )  Center f o r  Archaeometry, Washington University, St .  Louis, MO. 631 30 
(S. R.  Sutton) 

1 ) Department of Anthropology, 210 Swi t z l e r  Ha1 l ,  University of Missouri, 
Columbia, MO. 65201 (Dr. R. M. Rowlett) 

2) Research Laboratory, 465 Huntington Ave., Museum of Fine Arts,  Boston, 
Mass, 02115 

3) Department of Physics, Simon Fraser University, Burnaby, B .  C .  V5A IS6 
Canada (Dr. D. Huntley) 

4) Ins t i tu to  de Fisica,  UNAM, Apartado Postal 20-364, Mexico 20, D .  F . ,  
Mexi CO ( M .  C .  Augusto Moreno Moreno) 



5)  University of Utah Medical Center, D i v .  of Radiobiology, Bldg. 351, 
S a l t  Lake City,  Utah 84112 (Dr. E .  Haskell) 

6 )  Peabody Museum, Harvard Universi ty,  11 Divinity Ave. , Cambridge, Mass. 
02138 (Dr. J .  E .  ~ r i c s o n )  

7 )  Department de Fi  si ca,  Uni versi  dad Naci onal de Ingeni e r i a ,  Casi l l a 1301 , 
Lima, Peru (Dr. Ernesto Lopez Carranza) 

8 )  Departmento Quimi ca Anal i t i c a  , Ponti f i c i  a Uni versi dad Cat01 i ca de Chile , 
Casi l la  114-D, Santiago, Chile (Dr. A. ~ ~ ~ a ~ )  

9) Centro Brasi l e i  ro de Pesquisas Fi s i  cas , AV. wencesl ay Braz 71 , Rio de 
Janiero ,  Brazil (Dr. J .  Danon) 

10) Research Lab f o r  Archaeology, 6 Keble Road, Oxford OX1 3QJ, England 
(Dr. M .  J .  Aitken) 

11 ) Bri t i sh  Museum Research Lab., Br i t i sh  Museum, London WC1 B 3DG, England 
(Dr. S. Bowman) 

12) Department of Physics, University of Birmingham, P.  0 .  Box 363, Birmingham 
B15 ZTT, England (Dr. S. Durrani) 

13) The Godwi n Laboratory, Free School Lane, Un i versi  t y  of Cambridge, Cambridge 
CB2 3RS, England (Dr. Ann G. Wintle) 

14) Museum of Archaeology, Old Ful l i ng  Mil l ,  The Banks, Durham DH1 3EB, England 
(Dr. Ian B a i l i f f )  

15) National Museum of Ant iqui t ies ,  West Granton Rd., Edinburgh EH5 IJA, 
Scotland (Dr. J .  Tate) 

16) Centre des Faibles Rad., B. P .  No. 1 ,  91190 Gif Sur Yvette, France 
(Dr. G .  Poupeau) 

17) Laboratoire de Recherche des Muee de France, Pala is  du Louvre, 75001 Par i s ,  
France (Mme. J .  Gautier)  

18) Research Establ ishment RisB, DK-4000 Roski l de, Denmark 
(Dr. Vaan Mejdahl) 

19) Max-Planck I n s t i t u t e  f u r  Kernphysi k ,  Postfach 103980, 6900 Heidel berg, 
Wes t Germany (Dr. Ernst ~ e r n i  cka) 

20) Physi kal isches I n s t i t u t e ,  Bern Switzerland (Dr. N .  ~ r o ~ l e r )  
21 ) Gruppo Sol i di  , Universi t a  degl i Studi di Mi l ano, 201 33 Mi l ano via Celoria 16, 

I t a l y  (Prof.  G.  M .  Spinolo) 
22) Nuclear Phvsics Department, Ilni vevsitv of Thessaloni k i  , Thessaloni k i  . 

Greece , - (~ , t .  Charal.ambous ) 
23) Gukurova Uni versi  t e s i  , Temel B i  1 imler,  Fizi k Bol umu, Adana, Turkey 

(Dr. Y .  Goksu) 
24) I n s t i t u t e  of Geology 20010'1 Tall  i n ,  Estonia Pst. 7 ,  Estonia, USSR 

(Dr. A. Raukas) 
25) Physical Research Laboratory, Navrangpura , Ahmedabad 380 009, India 

(Dr. A. K. Singhvi) 
26) Radioisotope U n i t ,  University of Hong Kong, Hong Kong (Dr. F.  H. Kendall) 
27) I n s t i t u t e  of Geology, Academia Sinica ,  Bei j ing ,  Ch'ina (Dr. Pei Ching-Lsian) 
28) I n s t i t u t e  of Archaeology, 9 Wang Fu Ta Chieh, Bei j ing ,  China (Dr. L i  Hu Hou) 
29) Physics Department, University of Adelaide, G.P.O.  Box 498, Adelaide S. A .  

5001, Austra l ia  (Prof. J .  R. Prescot t )  
30) Physics Dept. , University of New South Wales, Kensington 2033, Austra l ia  

(Prof. J .  C. Kelly) 
31 ) Physi CS Dept., Faculty of Science, Aus t r a l  .i an National Universi ty,  

P .  0 .  Box 4 ,  Canberra, A.C.T.  2600, Austral ia (Dr. A.  J .  Mortlock) 
32) Anthropology Dept. , University of Otago, P.  0 .  Box 56, Dunedi n, New 

Zealand (Dr. B. F. ~ e a c h )  




