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P U R I T Y  TEST1 NG OF TL M1 NERAL SEPARATES B Y  CATHODOLUMI NESCENCE 

S. R. S u t t o n  
Center  f o r  Archaeometry 
Washington U n i v e r s i t y  
S t ,  Louis ,  MO 63130 

Many TL measurements a r e  performed on mono-mineralic powders 
which have been s e p a r a t e d  from t h e  sample of i n t e r e s t .  A f a m i l i a r  
example i s  t h e  measurement of q u a r t z  s e p a r a t e s  i n  t h e  q u a r t z  i n c l u s i o n  
method of p o t t e r y  d a t i n g .  I n  such i n s t a n c e s ,  i t  i s  u s u a l l y  d i f f i c u l t  
t o  a s c e r t a i n  t h e  l e v e l  of p u r i t y  of t h e  minera l  s e p a r a t e ,  Sample pur- 
i t y  i s  ex t remely  impor tan t ,  p a r t i c u l a r l y  when measuring TL m i n e r a l s  of 
low s e n s i t i v i t y  such a s  q u a r t z ,  because on ly  a ve ry  s m a l l  amount of 
contaminat ion  by b r i g h t  TL minera l  g r a i n s ,  such a s  f e l d s p a r ,  can  
r e s u l t  i n  a  s i g n i f i c a n t  l e v e l  of a b h e r r a n t  TE. This  t y p e  of contami- 
n a t i o n  can be c a t a s t r o p h i c  f o r  s e v e r a l  r easons ,  F i r s t ,  t h e  contam- 
i n a t i n g  m i n e r a l s  might  e x h i b i t  anomalous f a d i n g .  Second, t h e i r  
dos imetry  may be d r a s t i c a l l y  d i f f e r e n t  from t h a t  of t h e  d e s i r e d  
minera l .  And, t h i r d ,  t h e  v a r i a b l e  number of s t r a y  g r a i n s  i n  each TL 
a l i q u o t  w i l l  l e a d  t o  poor r e p r o d u c i b i l i t y ,  

A p a r t i c u l a r l y  v a l u a b l e  and convenient  t o o l  i n  v e r i f y i n g  t h e  pur- 
i t y  of TL minera l  s e p a r a t e s  is cathodoluminescence ( C L ) .  The i n s t r u -  
ment used i n  our l a b o r a t o r y  i s  t h e  "Luminoscope* manufactured by 
Nuclide Corpora t ion  (Acton, Mass. U.S.A,). B a s i c a l l y ,  t h e  d e v i c e  i s  a  
cold-cathode e l e c t r o n  gun a t t a c h e d  t o  a  smal l  vacuum chamber ( rough ly ,  
13cm X 2Qcm X 3cm). Samples i n  t h e  form of powders, s l a b s  o r  t h i n  
s e c t i o n s  can be p laced  i n  t h e  chamber and c o n t i n u o u s l y  bombarded w i t h  
e l e c t r o n s  up t o  18keV ( t y p i c a l  o p e r a t i n g  c u r r e n t  is  0.3mA). The 
chamber is  equipped w i t h  l eaded  g l a s s  windows on t h e  t o p  and bottom 
f o e  viewing t h e  sample and i s  w e l l - s u i t e d  f o r  a t t achment  t o  t h e  s t a g e  
of an  o p t i c a l  mi.croscope. Our p a r t i c u l a r  ins t rument  is a t t a c h e d  t o  a  
Bausch and Lomb Stereozoom b i n o c u l a r  microscope (wi th  camera a t t a c h -  
ment) p r ~ v i d i n g  a  maximum m a g n i f i c a t i o n  of 140x. 

I n  p r a c t i c e ,  a  dozen samples can be e a s i l y  loaded s imul taneous ly .  
Evacuat ion of t h e  chamber t o  abou t  30 microns p r e s s u r e  r e q u i r e s  on t h e  
o r d e r  of t e n  minutes  and a  u s a b l e  beam can be o b t a i n e d  i n  a s  l i t t l e  a s  
a  few seconds.  For optimum s t a b i l i t y ,  t h e  chamber should  be evacuated  
t o  1 0  microns and t h e  beam mainta ined by d r y  i n e r t  g a s  ( e .g . ,  helium) 
in t roduced  through t h e  s u p p l i e d  need le  v a l v e  a t t achment .  The e l e c t r o n  
beam is focussed and c e n t e r e d  i n  t h e  microscope f i e l d  of view us ing  
focus ing  magnets and samples a r e  in t roduced  t o  t h e  beam by va ry ing  t h e  
p o s i t i o n  of t h e  i n t e r n a l  sample t r a y .  

The e x c i t a t i o n  of m i n e r a l  powders of smal l  g r a i n - s i z e  ( < " l m m )  is 
somewhat compl ica ted  by t h e  tendency of t h e  g r a i n s  t o  cha rge  and 
assume b a l l i s t i c  t r a j e c t o r i e s .  However, we f i n d  t h a t  t h i s  i s  u s u a l l y  
avoided by o p e r a t i n g  a t  h igh  v o l t a g e  b u t  low c u r r e n t .  I n  t h e  c a s e  
t h a t  high c u r r e n t  is  necessa ry  t o  e x c i t e  adequa te  luminescence from 
t h e  sample, our s t a n d a r d  p rocedure  i s  t o  epoxy t h e  g r a i n s  t o  a  micro- 
scope s l i d e  be ing c a r e f u l  n o t  t o  comple te ly  cover  t h e  g r a i n s  w i t h  
epoxy. (Th i s  can e a s i l y  be accomplished by sp read ing  a  v e r y  t h i n  l a y e r  
of epoxy on t h e  s l i d e  w i t h  t h e  edge of ano the r  s l i d e ,  s p r i n k l i n g  on 
t h e  g r a i n s  and c u r i n g  a t  room t e m p e r a t u r e ) .  



An example of t h e  u s e f u l n e s s  of t h i s  t echnique  i s  provided by 
some measurements performed on q u a r t z  s e p a r a t e d  from a hea ted  g r a n i t e  
rock from a Colorado a r c h a e o l o g i c a l  hea r th .  The b a s i c  s e p a r a t i o n  pro- 
cedure  was t o  soak 3 m  d iameter  c h i p s  of t h e  rock i n  concen t r a t ed  HF 
a c i d  t o  e l i m i n a t e  t h e  m a j o r i t y  of non-quartz m a t e r i a l  ( p r i n c i p a l l y ,  
f e l d s p a r ) .  A f t e r  30 minutes  soak ing  fol lowed by 1 5  minutes  i n  alumi- 
num c h l o r i d e  s o l u t i o n  (Ca r r iveau ,  Ancient  TL no.1, 1977) a  very 
c lean- looking  powder of w h i t e  g r a i n s  was ob ta ined .  Subsequent TL 
a n a l y s i s  r e s u l t e d  i n  ve ry  un rep roduc ib l e  weight-normalized n a t u r a l  TL 
( s t a n d a r d  d e v i a t i o n  of 3 0 % ) .  The n a t u r a l  TL .glow cu rve  of t h i s  
m a t e r i a l  ( c u r v e  8 )  c o n s i s t e d  of a  peak a t  about  340 C w i t h  a  n o t i c a b l e  
bu lge  nea r  4 0 0  C.  The e q u i v a l e n t  dose  curve  ( p l a t e a u  t e s t )  a l s o  
showed a  bump a t  4 0 0 ' ~ .  CL viewing of t h e  s e p a r a t e  r evea l ed  t h e  pres-  
ence  of a  very  fewp b r i g h t  b l u e  f e l d s p a r  g r a i n s .  The l e v e l  of contam- 
i n a t i o n  was on t h e  o rde r  of a few g r a i n s  i n  a 5 mi l l i g ram a l i q u o t  o r  
abou t  1:9000, An a d d i t i o n a l  30 minutes  i n  t h e  a c i d  e l i m i n a t e d  t h e s e  
g r a i n s  a s  confirmedoby CL and t h e  r e p r o d u c i b i l i t y  improved t o  5%. I n  
a d d i t i o n ,  t h e  400 C TL component d i sappeared  ( cu rve  b) and t h e  
e q u i v a l e n t  dose  cu rve  became more l e v e l .  Obviously,  t h e  poor reprodu- 
c i b i l i t y  r e s u l t e d  from t h e  v a r i a b l e  number of b r i g h t  g r a i n s  i n  t h e  
a1 i q u o t s  . 

'QUARTZ'' SEPARATE GLOW CURVES 

Natural TL glow curves f o r  aliquots 1 
of 74-420 micron "quartz" powder 1 separated from the Colorado gt  it¤ I i TL measured with Corning 5-60 plus 
5-58 f i l t e r s  a t  a heating r a t e  of 1 
3OC/sec. Background negligible t o  
450°c, l )  y 
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( a )  30 minute HF soak- I( 

CL shows contaminating bright ; 
grains.  

( b )  60 minute HF soak- 
J 

CL shows clean quartz separate 1 
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S i m i l a r  e x p e r i e n c e s  have  been e n c o u n t e r e d  w i t h  q u a r t z  s e p a r a t e s  
from p o t t e r y  s h e r d s ,  I n  one such  c a s e ,  q u a r t z  s e p a r a t e s  from Texas 
p o t t e r y  were found t o  y i e l d  poor p l a t e a u s  (measurements  by D. Z i m m e r -  
man) ,  CL examina t ion  showed t h e  p r e s e n c e  of a  few v e r y  b r i g h t  z i r c o n  
g r a i n s .  Heavy l i q u i d  e x t r a c t i o n  of t h e  z i r c o n  was r e q u i r e d  i n  t h i s  
i n s t a n c e  and good p l a t e a u s  f o r  t h e  -wpureN s e p a r a t e  r e s u l t e d .  

Of c o u r s e ,  t h i s  p r o c e d u r e  p r o h i b i t s  s u b s e q u e n t  u s e  of t h e  
e l e c t r o n - e x c i t e d  g r a i n s  f o r  TL d e t e r m i n a t i o n  of a r c h a e o l o g i c  dose .  I n  
t h e  c a s e  t h a t  sample s i z e  is  l i m i t e d ,  t h e  CL e x a m i n a t i o n  c a n  be  pe r -  
formed on "glewn m a t e r i a l  t o  v e r i f y  s e p a r a t e  p u r i t y ,  

5 SPURIOUS TIDBITS 
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V 5 A  1 S 6  C a n a d a  

( 1 )  O r d i n a r y  a l u m i n i u m  s a m p l e  d i s c s  s h o w  s o m e  s p u r i o u s  TL 
t h e m s e l v e s  a n d  t h i s  i s  a s e r i o u s  p r o b l e m  w i t h  s a m p l e s  t o o  
t h i n  t o  o b s c u r e  t h e  d i s c .  We h a v e  e l i m i n a t e d  t h i s  p r o b l e m  
by c l e a n i n g  t h e  d i s c s  i n  h y d r o f l u o r i c  a c i d  b e f o r e  e a c h  u s e  
a s  f o l l o w s .  A f t e r  r e m o v a l  o f  g r e a s e  w i t h  a n  o r g a n i c  
s o l v e n t  s u c h  a s  t r i c h l o r o e t h y l e n e  t h e  d i s c s  a r e  p l a c e d  i n  
a g l a s s  b e a k e r  ( -100 m l )  w i t h  a b o u t  30 m 1  o f  w a t e r .  Abou t ,  
3 m 1  o f  c o n c e n t r a t e d  HF i s  a d d e d  a n d  s t i r r e d  i n ;  a l m o s t  
i m m e d i a t e l y  t h e r e  i s  c o n s i d e r a b l e  f i z z i n g  a n d  t h e  m i x t u r e  
b e c o m e s  c l o u d y .  A f t e r  a  f e w  s e c o n d s  t h e  m i x t u r e  i s  p o u r e d  
down t h e  d r a i n  a l o n g  w i t h  a l a r g e  f l o w  o f  w a t e r ,  a n d  
r e p e a t e d l y  r i n s e d  w i t h  m o r e  water  u n t i l  t h e  a c i d  i s  a l l  
r e m o v e d ,  We p e r f o r m  a l l  t h e s e  o p e r a t i o n s  i n  a  f u m e  h o o d  
w i t h  a b u i l t - i n  w a t e r  t a p  a n d  d r a i n .  

( 2 )  When s o m e  s p u r i o u s  T l  i s  e v i d e n t ,  b u t  n o t  d o m i n a n t ,  
i t  i s  t e m p t i n g  t o  s u b t r a c t  t h e  r e h e a t  f r o m  t h e  f i r s t  g l o w  
t o  o b t a i n  t , h e  t r u e  T L .  T h i s  i s  n o t  t h e  c o r r e c t  t h i n g  t o  
d o .  T h e  e r r o r  o f  t h i s  m e t h o d  i s  i m m e d i a t e l y  a p p a r e n t  i f  
t h e  r e h e a t  c u r v e  i s  h i g h e r  t h a n  t h e  f i r s t  g l o w ,  a s  o c c u r s  
o n  o c c a s i o n .  A n o t h e r  m e t h o d  o f  d e t e c t i n g  t h i s  e r r o r  i s  t o  
s t o p  t h e  f i r s t  g l o w  a t  a  l o w e r  t e m p e r a t u r e  a n d  t h e n  
r e h e a t .  I t  i s  o b i v o u s  t h a t  t h e  f i r s t  h e a t i n g  e n h a n c e s  t h e  
s p u r i o u s  s i g n a l  a l t h o u g h  t h e  m e c h a n i s m  f o r  t h i s  i s  n o t  
k n o w n .  


