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ABSTRACT 

I have a t t e m p t e d  t o  d e v e l o p  a  method o f  d a t i n g  p e a t  and s i l t  

m a t e r i a l s  u s i n g  t h e  R-P t e c h n i q u e  o f  A .G .Wint le  and D .J .Huntley . The R - P  

method was a p p l i e d  t o  m i n e r a l s  e x t r a c t e d  f rom p e a t  and s i l t  samples o f  

known r a d i o -  ca rbon  ((2-14) a g e s  r a n g i n g  from 0-70 ka  t o  o b t a i n  t h e i r  

e q u i v a l e n t  d o s e s  (ED'S). No s i g n i f i c a n t  dependence o f  t h e  ED on t h e  g r a i n  

s i z e  o f  t h e  m i n e r a l s  from t h e  samples  o f  z e r o  a g e  was observed.  The 

s p e c t r a l  d i s t r i b u t i o n  o f  t h e  thermoluminescence (TL) o f  t h e  samples and t h e  

r e s u l t s  o f  anomalous f a d i n g  t e s t s  on magne t ic ,  non-magnetic and q u a r t z  

f r a c t i o n s  o f  s e v e r a l  samples  a r e  r e p o r t e d .  The i n - s i t u  gamma dose  r a t e s  a t  

two sample si tes measured w i t h  CaF :Dy phosphor d o s i m e t e r s  a r e  i n  agreement 
2 

w i t h  t h e  r e s u l t s  o b t a i n e d  from a l p h a  s c i n t i l l a t i o n  c o u n t i n g  and K a n a l y s i s .  

Dose r a t e s  a r e  c o r r e c t e d  f o r  t h e  p r e s e n c e  o f  o r g a n i c  m a t t e r  a s  w e l l  a s  

wa te r  i n  t h e  samples.  

P e a t  samples  y i e l d  a p p a r e n t  TI, a g e s  t h a t  a g r e e  w e l l  w i t h  known a g e s  

1 

w h i l e  some s i l t  m a t e r i a l s  show anomalous r e s u l t s .  Not b e i n g  'zeroed' a t  t h e  

t ime o f  d e p o s i t i o n  o r  t h e  d o s e  r a t e  v a r i a b i l i t y  a t  sample s i t e s  a r e  
I 

sugges ted  a s  p o s s i b l e  r e a s o n s  f o r  t h e  l a t t e r .  The p r e l i m i n a r y  r e s u l t s  show 

t h a t  t h e  F -  method h a s  much promise  i n  o b t a i n i n g  r e l i a b l e  a g e s  o f  

sed iments  i n  t h e  f u t u r e .  
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I. THERMOLUMINES CENCE DATING 

1.1 In t roduc t ion  - 
Thermoluminescence (TL) techniques  a r e  e s t a b l i s h e d  i n  d a t i n g  p o t t e r y  

from a rchaeo log ica l  s i t e s  (Ai tken ,  1974; Fleming, 1979),  but d a t i n g  

sediments by TL is  s t i l l  i n  i t s  infancy.  This t h e s i s  d e s c r i b e s  an at tempt  

of s tudying t h e  a p p l i c a b i l i t y  of a  TL technique f o r  da t ing-  c e r t a i n  types of 

land sediments.  A b r i e f  overview of TL and TL d a t i n g  w i l l  f i r s t  be 

presented.  

1.2 Thermoluminescence 

Thermoluminescence is  t h e  l i g h t  emit ted by a  c r y s t a l l i n e  o r  g l a s s y  

m a t e r i a l  when i t  i s  heated a f t e r  being exposed t o  i o n i z i n g  r a d i a t i o n .  A 

q u a n t i t a t i v e  unders tanding  of t h e  phenomenon can be brought about with the  

a i d  of t h e  band model of s o l i d s .  Exposure t o  i o n i z i n g  r a d i a t i o n  produces 

f r e e  e l e c t r o n s  and h o l e s  i n  t h e  c r y s t a l ;  e l e c t r o n s  a r e  r e l ea sed  from the  

va lence  band t o  t h e  conduct ion band l e a v i n g  ho le s  i n  t h e  va lence  band 

(Fig.  1  1 ) .  A l l  c r y s t a l l i n e  m a t e r i a l s  have a  g r e a t  many s t r u c t u r a l  

imperfec t ions ,  f o r  i n s t a n c e  t h e  occurance of nega t ive  o r  p o s i t i v e  ion  

vacancies  o r  t h e  presence  of impur i ty  atoms i n  t he  l a t t i c e ;  they a r e  e i t h e r  

nega t ive  o r  p o s i t i v e  charge  d e f i c i t  s i t e s .  These d e f e c t s  o r  ' t r a p s '  a s  they 

a r e  u sua l ly  c a l l e d ,  a r e  me ta s t ab le  s t a t e s  i n  which e l e c t r o n s  o r  ho le s  can 

be captured and r e t a i n e d  f o r  s i g n i f i c a n t  t imes. An e l e c t r o n  o r  a  ho le  

trapped a t  such a  s i t e  could be v i s u a l i z e d  a s  a  system s i m i l a r  t o  a  

hydrogen atom l i k e  bound s t a t e  which has  i t s  own quant ized energy l e v e l s .  

Some of t h e  f r e e  e l e c t r o n s  and h o l e s  produced by i o n i z i n g  r a d i a t i o n  g e t  



trapped i n  t h e s e  m e t a s t a b l e  l e v e l s  i n s t e a d  of recombining. For a  g iven  type 

of t r a p s  t h e  mean l i f e  t ime T; of such me tas t ab le  l e v e l s  depend on the  . 
' t r a p  depth'  E and t h e  a b s o l u t e  temperature T  and i s  g iven  by, 

where s i s  a  c o n s t a n t ,  k i s  t h e  Boltzmann's c o n s t a n t  (Cur ie ,  1963). So the  

deeper t h e  t r a p  ( i .  e ,  l a r g e r  E) , t he  l onge r  t he  l i f e  t ime. 

An e l e c t r o n  o r  a  h o l e  may e j e c t  from a  t r a p  by absorp t ion  of a  

photon of s u f f i c i e n t  energy o r  by acqu i r ing  the  necessary  a c t i v a t i o n  energy 

(E) from t h e  phonon i n t e r a c t i o n  with t h e  surroundings.  I n  TL t h i s  

a c t i v a t i o n  energy i s  supp l i ed  by h e a t i n g  t h e  m a t e r i a l .  The e j ec t ed  e l e c t r o n  

can wander through t h e  c r y s t a l  and recombine wi th  a  t rapped h o l e  g iv ing  out 

v i s i b l e  l i g h t  (Fig.l .1-b).  A r e l ea sed  ho le  may undergo a  s i m i l a r  process .  

The l i b e r a t e d  h o l e  can  migra te  v i a  the  va lence  band u n t i l  i t  recombines 

with a  t rapped  e l e c t r o n  and luminesces (Fig.  1.1-c). S ince  t h e  two processes  

a r e  s i m i l a r ,  one can  d i s c u s s  TL i n  terms of e i t h e r  e l e c t r o n s  o r  ho les  

without l o s s  of  g e n e r a l i t y .  

The luminescence s p e c t r a  depend on t h e  type of recombination c e n t r e  

but not  on i t s  depth below t h e  conduction band. I t  i s  a  c h a r a c t e r i s t i c s  of 

the  ions  forming t h e s e  c e n t r e s .  For i n s t a n c e ,  t he  TL s p e c t r a  of doped 

a l k a l i  h a l i d e s  wi th  known luminescent  c e n t r e s  (o r  a c t i v a t o r s )  a r e  

c h a r a c t e r i s i c s  of  t h e s e  c e n t r e s  (Fig. 1.1-d), 

As a  c r y s t a l  i s  heated the  p r o b a b i l i t y  of r e l e a s i n g  a  p a r t i c u l a r  

d i s t r i b u t i o n  of t rapped  e l e c t r o n s  i s  increased  and a t  a  c e r t a i n  temperature 

t he re  i s  v i r t u a l  c e r t a i n t y  of t h e i r  r e l e a s e .  Hence the  l i g h t  emit ted (TL) 

w i l l  s t a r t  weak, go through a  maximum, and decrease  aga in  t o  zero. The 

graph of TL a s  a  f u n c t i o n  af time o r  temperature i s  c a l l e d  a  glow curve. 

2 



C 8 

Electron 

trap 

release 

C B  

4 

Thermal 

0 Hole 

Luminescent 

w 
transition 

C B  

Electron 

trap 

Fig. 1.1 TL process. 
a )  Exposure t o  i rradiat ion:  t raps a r e  f i l l e d  w i t h  

electrons and holes. 
b) Heating: thermally released electrons cmbines with 

luminescent centres emitting l i g h t  (TL). 
c) Heating: themal ly  released holes combine with 

luminescent cientres  emitting l i g h t  (TL) . 
d) TL is c@-acteristic of the luminescent centre. 

eg., Mn a s  the irrp%ity atom; greendrange l igh t  
character is t ic  of Mn is emitted. 

M n 
2 + 

Lum~nescent 

/VVL, luminescence - I 2 +  
~n excited 

transition (green-orange) 
I 

2 +  

Thermal -& M" ground 

release 

Y V B  VB 

( c )  ( d l  
0 Electron 



The shape of t h e  glow curve  f o r  a  s i n g l e  t r a p  can be predic ted  

t h e o r e t i c a l l y ,  (Randal l  6 Wilkins,  1945). The deeper  t h e  t r a p ,  t he  h ighe r  

i s  t h e  tempera ture  a t  which the  a s s o c i a t e d  l i g h t  i s  emi t ted .  

1.3 TL Dating -- 
The e s t a b l i s h e d  use  of TL f o r  d a t i n g  p o t t e r y  is ,  based on two main 

f a c t o r s  v i z ,  

1. The l a s t  h e a t i n g  of t h e  cqramic should have r e l ea sed  a l l  t h e  e l e c t r o n s  

which had been accumulated i n  t h e  t r a p s  of c o n s t i t u e n t  minera ls  over 

t h e i r  p a s t  g e o l o g i c a l  h i s t o r y .  This  i s  c a l l e d  'zeroing '  s i n c e  soon 

a f t e r  t h i s  even t ,  r ehea t ing  t h e  m a t e r i a l  w i l l  no t  g ive  any TL. 

2. The TL s i g n a l  of t h e s e  minera ls  i n c r e a s e s  with time on t h e  subsequent 

exposure t o  i o n i z i n g  r a d i a t i o n ,  u s u a l l y  both from wi th in  and from the  

surrounding s o i l  i n  which the  p o t t e r y  had being buried.  Decay of t he  

n a t u r a l  r a d i o a c t i v e  i s o t o p e s  U ,  Th and K a r e  p r imar i ly  r e spons ib l e  f o r  

t h i s  r a d i a t i o n .  

When t h e  mine ra l s  from t h e  ceramic o b j e c t s  a r e  heated i n  t he  l a b o r a t o r y ,  a  

TL s i g n a l ,  u s u a l l y  p ropor t iona l  t o  . t h e i r  b u r i a l  time T ,  and the  

environmental r a d i a t i o n  dose r a t e  D ,  i s  observed (Fig.l.2-a). This i s  t h e  

n a t u r a l  TL (NTL). Here, i t  i s  assumed t h a t  environmental dose r a t e  had been 

cons t an t  and t h e  m a t e r i a l ' s  response t o  r a d i a t i o n  had been l i n e a r .  

This f a c t  i s  u t i l i z e d  i n  de te rmining  t h e  t ime of l a s t  f i r i n g  of t h e  

m a t e r i a l .  A f t e r  measuring the  NTL the  same sample i s  exposed t o  a  r a d i a t i o n  

source  such a s  Sr-90/Y-90 b e t a  sou rce  o r  a  Co-60 gamma source f o r  var ious  

per iods  of t imes  and t h e  induced TL is  measured a t  the  end of each such 

i r r a d i a t i o n s .  This  way one can o b t a i n  what i s  known a s  t h e  'second glow 

growth curve '  (F ig .  1.2-b). The dose a t  which t h e  induced TL matches the  NTL 

is  c a l l e d  t h e  equ iva l en t  dose (ED). This  i s  t h e  l abo ra to ry  dose which 



produces TL e q u i v a l e n t  t o  t h a t  from t h e  p a s t  n a t u r a l  r a d i a t i o n  dose.  

Usual ly ,  t h i s  method is  almost  i m p r a c t i c a l  s i n c e  t h e  s e n s i t i v i t y  of 

t h e  sample undergoes changes whi le  h e a t i n g  i t  f o r  t h e  f i r s t  time. Hence t h e  

common p r a c t i c e  i s  t o  o b t a i n  t h e  f i r s t  glow growth curve  by us ing  a  s u i t e  

of i d e n t i c a l  samples.  Here a g a i n  t h e  TL of t h e  sample i s  measured a t  

d i f f e r e n t  doses  and t h e  growth cu rve  i s  e x t r a p o l a t e d  t o  g i v e  t h e  sample's 

ED (Fig.l.2-c). A glow cu rve  from a t y p i c a l  p o t t e r y  sample i s  shown i n  

Fig.l.3-a; 1) i s  t h e  NTL, 2)  i s  t h e  TL observed from an i d e n t i c a l  sample 

which had been g iven  a  l a b o r a t o r y  r a d i a t i o n  dose.  

This procedure i s  c a r r i e d  ou t  f o r  v a r i o u s  temperatures .  However a  

temperature  r eg ion  where t h e  TL o r i g i n a t i n g  t r a p s  had been s t a b l e  du r ing  

t h e  p a s t  must be found t o  de te rmine  a  r e l i a b l e  ED. This  i s  done by 

p l o t t i n g  e i t h e r  t h e  r a t i o  1 ) /2 )  o r  t h e  ED'S vs.  glow curve temperature  

(Fig.l .3-by -c). The r e g i o n  where t h e r e  h a s  been no l o s s  of NTL i s  c a l l e d  a  

p la teau .  

This whole procedure h a s  t o  be repea ted  wi th  a  l a b o r a t o r y  a lpha  
f 

source  a s  w e l l .  The reason  f o r  do ing  t h i s  l i e s  i n  t h e  f a c t  t h a t  t h e  TL 

induced per  u n i t  r a d i a t i o n  dose  i s  lower. f o r  a lpha  than  f o r  b e t a  o r  gamma 

r a d i a t i o n .  The i r  s e n s i t i v i t y  r a t i o  i s  c a l l e d  t h e  'k' va lue .  An a l t e r n a t e  

r a t i o  c a l c u l a t e d  on t h e  b a s i s  of  TL induced pe r  u n i t  t r a c k  l eng th  of a lpha  

r a d i a t i o n  i s  c a l l e d  t h e  'a '  v a l u e  (Aitken & Bowmann, 1975). 

The t ime T, e lapsed  s i n c e  t h e  f i r i n g  of t h e  p o t t e r y  ( i . e ,  i t ' s  age)  

i s  then c a l c u l a t e d  by, 1 

ED (g ray  

T (years) = .................... (1.2) 

k(Doo) + D + D + D (g ray  pe r  y e a r )  
P 1 C 

I Gray i s  t h e  S I  u n i t  f o r  absorbed dose of i o n i z i n g  r a d i a t i o n .  A gray i s  
def ined  a s  t h e  a b s o r p t i o n  of 1 J of energy  pe r  1 kg of m a t e r i a l .  1 gray= 
100 rad  where r ad  i s  t h e  CGS u n i t  de f ined  a s  100 erg/g.  
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Fig.l.2 The ED determination of pottery. 

a) T h e  T L  signal v s  time for pottery minerals. 
The TL is zeroed at firing and subsequently grows 
linearly with time. NTL is the measured value in 
the lab at age T, dose D .  

b )  Simple equivalent dose determination: the TL is 
measured and matched to the TL vs dose curve 
obtained from subsequent measurements. 

c) ED determination circumventing the effect of 
sensitivity changes with heating which can 
invalidate b). Several identical samples are 
given different doses and the ED is obtained by 
linear extrapolation. 



T h e  p l a t e a u  t e s t  f o r  p o t t e r y  m i n e r a l s .  
Fig.l.3 a) Typical glow curves 1) NTL and 2) Similar 

sample given a d d e d  y dose. 

b) 1)/2) showing a plateau. 

c) E D  obtained as in Fig. 1.2 vs glow c u r v e  ' 

temperature, 3 1 ~ 0  showing a plateau. 



where D ,D ,D a D a r e  t h e  annual  dose r a t e s  due t o  a lpha ,  be t a ,  gamma and 
O C p 8  c 

cosmic ray  r a d i a t i o n ,  r e s p e c t i v e l y .  (1.2) i s  known a s  t he  'age equat ion ' .  

The r e l e v a n t  dose r a t e s  a r e  c a l c u l a t e d  e i t h e r  by a lpha  s c i n t l l a t i o n  

counting and chemical a n a l y s i s  of t h e  sample and i t 's  surrounding s o i l  o r  

by d i r e c t  i n - s i t u  dosimetry. There a r e  two main ranges of g ra in  s i z e s  of 

minera ls  used i n  d a t i n g  p o t t e r y .  

1. The g r a i n  s i z e  t h a t  r e c e i v e s  t he  f u l l  a lpha  dose(2-8 pm) a r e  used i n  

t h e  -- f i n e  g r a i n  method (Zimmerman, 1971). 

2. The g r a i n s  l a r g e  enough f o r  t h e  average  a lpha  dose t o  be small  but 

a t t e n u a t i o n  of b e t a  dose i s  in s ign i f i can t (90 -125  pm) a r e  used i n  

q u a r t z  i n c l u s i o n  method (Fleming, 1970) . 
Equation 1.2 i s  used f o r  t h e  ' f i n e  g r a i n s '  . I n  the  qua r t z  i nc lus ion  

method, where q u a r t z  g r a i n s  of about 100 y m  ob ta ined  from p o t t e r y  f a b r i c  

a r e  used a f t e r  e t c h i n g  away t h e  o u t e r  a lpha  i r r a d i a t e d  l a y e r  with HF ac id  

t r ea tmen t ,  t h e  r e l e v a n t  age equat ion  i s ,  

where t h e  ED has  been determined using only qua r t z  g r a i n s  obtained from the  

po t t e ry .  



1.4 TL Dating of Sediments -- - 
The major d i f f e r e n c e  between TL d a t i n g  of sediments and p o t t e r y  i s  

t h e  l ack  of a  we l l  def ined  ze ro ing  of TL of t h e  former. Consequently, 

t h e r e  i s  some u n c e r t a i n t y  concerning what event  i s  being dated.  But a g r e a t  

d e a l  of evidence f o r  t h e  e x i s t e n c e  of some kind of zeroing has been 

accumulated dur ing  the  p a s t  decade of TL research .  One of t he  common 

f e a t u r e s  of any sediment s e c t i o n  i s  t h a t  t h e  TL i n c r e a s e s  with depth,  which 

sugges ts  t h a t  t h e  a l l e g e d  ze ro ing  mechanism should be a s soc i a t ed  with t ime 

of weathering,  t r a n s p o r t  and/or d e p o s i t i o n  of t h e s e  sediments.  I f  t h i s  i s  

not  t h e  c a s e ,  t he  TL would have been accumulated s i n c e  t h e  time of 

c r y s t a l l i z a t i o n  of t h e  minerals .  Hence one should be a b l e  t o  s e e  t h e  TL 

being s a t u r a t e d  i n  them, which is  no t  what one u s u a l l y  f i n d s .  

1.5 R-I' Method -- 
Various workers have s tud ied  the  e f f e c t  of l i g h t  on t h e  TL response 

of a  number of minera ls  ( T i t e ,  1968). Huntley and Johnson (1976) and Wintle 

and Huntley (1979,1980) showed t h a t  UV l i g h t  and s u n l i g h t  d r a s t i c a l l y  

reduce t h e  TL of ocean sediments (Fig. l .4) .  The l a t t e r  two found t h a t  even 

a f t e r  a  very  long sunlamp exposure t ime t h e r e  s t i l l  remained a  f i n i t e  

r e s i d u a l  TL s i g n a l .  

They hypothesised t h a t  t h e r e  a r e  two types  of t r a p s  r e spons ib l e  f o r  

TL i n  sediments v i z ,  

1. l i g h t  s e n s i t i v e  t r a p s ,  

2. l i g h t  i n s e n s i t i v e  t r a p s .  

They suggested t h a t  t h e  l i g h t  s e n s i t i v e  t r a p s  have been zeroed a t  the  time 

of d e p o s i t i o n ,  i . e ,  t h e  zero ing  mechanism was assumed t o  be the  l a s t  

exposure t o  s u n l i g h t .  The n a t u r a l  s i g n a l  was d iv ided  i n t o  two components 

a s  , 



F i g . l . 4  E f f e c t  o f  s u n l i g h t  o n  a n  o c e a n  s e d i m e n t .  
Glow c u r v e  o f  4 - 1 1  urn g r a i n s  o f  a  N o r t h  
P a c i f i c  o c e a n  s e d i m e n t .  ( i )  N a t u r a l  TL,  
( i i )  T L  a f t e r  e x n o s u r e  t o  O c t o b e r  a f t e r -  

I 

n o o n  s u n l i g h t  f o r  2 0  min. 

gray 

F i g . l . 5  T h e  R - r  m e t h o d .  



I ( n a t u r a l )  = I 
0 + Id 

I. being thought  of a s  t h e  ' r e s i d u a l '  TL a t  sed imenta t ion  and Id being 

t h a t  due t o  t h e  r a d i a t i o n  dose s i n c e  d e p o s i t i o n .  They developed a  technique 

c a l l e d  t h e  R-Pmethod t o  de te rmine  t h e  r a d i a t i o n  dose r e s p o n s i b l e  f o r  
Id 

cGmponent (Wint le  & Huntley,  1979). I n  t h i s  method one a d m i n i s t e r s  va r ious  

gamma doses  t o  a  number of i d e n t i c a l  samples,  then  a  h a l f  of them 

inc luding  some u n i r r a d i a t e d  ones a r e  sub jec t ed  t o  a  f i x e d  sunlamp (SL) 

exposure. The TL i s  measured from t h e s e  samples and t h e  r educ t ion  (R) i n  

t h e  TL caused by t h e  SL exposure i s  p l o t t e d  versus  t h e  gamma d o s e ( r ) .  

Ex t r apo la t i on  of t h i s  p l o t  t o  R=O g i v e s  an i n t e r c e p t  which i s  taken  a s  t he  

ED. An a l t e r n a t e  method of p l o t t i n g  i s  shown i n  Fig. l .5 ,  where t he  ED is 

obtained by t h e  i n t e r s e c t i o n  of N +I a d d i t i v e  growth curve  and N +8+  SL 

bleach curve.  

A summary of sediment TL d a t e s  compiled from a  r e c e n t  review paper 

(Wintle & Huntley,  1982) i s  g i v e n  i n  Table  1.1. I n  s p i t e  of p ioneer ing  

work on TL d a t i n g  of sediments  by two Sov ie t  s c i e n t i s t s ,  G.V.Morozov and 

V.N.Shelkoplayas, most of t h e i r  r e s u l t s  have been d i s c r e d i t e d  i n  t h e  

l i t e r a t u r e ,  on t h e  grounds of e r roneous  methodology (Dreimanis e t  a l ,  1978; 

Wintle and Huntley,  1982). According t o  Wint le  and Huntley t h e  r e s u l t s  

publ ished by most of t h e  o t h e r  groups ,  even though they seem t o  produce 

p l a u s i b l e  d a t e s  i n  comparison with t h e  known d a t e s ,  a r e  no t  q u i t e  

t rus twor thy  because of t h e  l a c k  of publ i shed  d e t a i l s  about t h e  methods used 

and, i n  some c a s e s  l a c k  of j u s t i f i c a t i o n  of t h e  methods used. The b a s i c  

hypothes i s  of  t h e  t echn ique  about  zero ing  i s  no t  y e t  proven t o  be c o r r e c t .  

But some workers even c l a im  t o  produce r e l i a b l e  d a t e s  i n  s p i t e  of l a ck  o f -  



Table 1.1 
I 

A summary of TL dates reported in the literature. 

Authors A m  RAN C;E MATERIALS DATED 
ka4 

Morozov,G.V., & Shelkoplayas,V.N. 66 - 550 soil, glacial loam 
(USSR) 21 - 880 loesses 

Borsy,Z., Felszefalvi,J., & 105 - 200 loesses, soil 
Szabo ,P .P. (~ungary) 

Li,J.-L., Pei,J.-X., Wang,Z.-Z., 88 - 660 loesses, soil, sand 
& Lu,Y.-C.. (China) 

Vlasov,V.K., Kulikov,O.A., & 1 - 100 till 
Karpov,N.A. (USSR) 60 - 1300 sediment 

Hutt,G.I., Smironov,A.V. 26 - 150 till, glaciomarine 
(USSR) deposits 

Wintle,A.G., & Huntley,D.J. 9 - 140 ocean sediments 
(UK, Canada) 

2 

Wintle,A.G., & Brunnacker,K. 15 - 43 loesses 
(UK, Germanv) 

Berger,G.W., & Huntley,D.J. 5 - 40 river sediments, soil 
(Canada) 

3 

Singhvi,A.K., Sharma,Y.P., & 6 - 20 sand dunes 
Agraval , D.P . (~ndia) 

1, References in Wintle and Huntley, 1982. 
2, Wintle and Brunnacker, 1982. 
3. Singhvi et al,, 1982. 
4. k a  = t h o u s a n d  y e a r s .  



- 

independent  d a t e s  t o  compare w i t h  t h e i r  r e s u l t s .  Hence many d a t e s  r e p o r t e d  

i n  t h e  l i t e r a t u r e  s h o u l d  be  regarded  w i t h  c a u t i o n .  Most of  t h e s e  may be  

cons ide red  a s  r e l a t i v e  d a t e s  r a t h e r  t h a n  a b s o l u t e  d a t e s .  W i n t l e  and Hunt ley  

(1982)  proposed a s e t  o f  c r i t e r i a  f o r  judg ing  TL d a t e s  f o r  sed iments  

r e p o r t e d  i n  t h e  l i t e r a t u r e  v i z ,  

1. For each t y p e  of  m a t e r i a l  and method used on i t ,  t h e  method shou ld  

have shown t o  y i e l d  z e r o  a g e  f o r  r e c e n t l y  d e p o s i t e d  m a t e r i a l .  

2. For t h e  t y p e  o f  m a t e r i a l  and method u s e d ,  t h e  method shou ld  have shown 

t o  y i e l d  c o r r e c t  a g e s  f o r  a t  l e a s t  t h r e e  s u i t e s  of  samples  f o r  which 

r e l i a b l e  a g e s  h a v e  been de te rmined  i n d e p e n d e n t l y .  These should  c o v e r  

t h e  t ime  s p a n  i n  q u e s t i o n .  

3.  The r e s u l t s  o f  a  number of  t e s t s  which have  been found n e c e s s a r y  

should  be  r e p o r t e d .  These i n c l u d e ,  bu t  a r e  n o t  l i m i t e d  t o ,  ir, o r d e r  of  

impor tance  : ( a ) p l a t e a u  t e s t , ( b ) a n o m a l o u s  f a d i n g  

test,(c)alpha-effectiveness v a l u e  and ( d ) t e s t  f o r  n o n - l i n e a r i t y  a t  low -. 
d o s e s .  

Once i t  i s  assumed t h a t  t h e r e  is  an e v e n t  f o r  d a t i n g  then  t h e  

, 
problem i s  e s s e n t i a l l y  two f o l d ,  i . e ,  

1. Determining t h e  ED, and 

2.  Determining t h e  e f f e c t i v e  r a d i a t i o n  d o s e  r a t e .  

I t  h a s  been  shown f o r  some t ime  t h p t  t h e  R -  method y i e l d s  

r e a s o n a b l e  ED'S f o r  some ocean and l a n d  s e d i m e n t s  ( W i n t l e  & Hunt ley ,  1980; 

Berger  and H u n t l e y ,  1 9 8 2 ) ,  but  b e f o r e  p roduc ing  a c c e p t a b l e  a g e s  by t h e  

R-r method i t s  a p p l i c a b i l i t y  shou ld  be  t e s t e d  a g p i n s t  samples  o f  

i n d e p e n d e n t l y  known a g e s ,  which i s  t h e  main c o n c e r n  o f  t h i s  work. 

We have  s e l e c t e d  some p e a t  and s i l t  samples  of  known ages  ( C - 1 4 )  

r a n g i n g  from modern t o  >70 ka (Tab le  1.2 & Appendix I) t o  work wi th .  



I n  c h a p t e r  2 of t h i s  t h e s i s  t h e  a p p a r a t u s  b u i l t  f o r  measur ing TL i s  

d e s c r i b e d .  The methods used f o r  p r e p a r i n g  samples  f o r  TL r e a d i n g  i s  a l s o  

d i s c u s s e d  t h e r e .  Chap te r  3 i s  devoted t o  d i s c u s s i n g  t h e  e q u i v a l e n t  d o s e  

d e t e r m i n a t i o n s  by t h e  R-I '  method. E v a l u a t i o n  o f  t h e  e f f e c t i v e  r a d i a t i o n  

d o s e  r a t e s  i s  d e a l t  i n  Chapter  4. Chapter  5 p r e s e n t s  t h e  c a l c u l a t i o n  of  

a g e s .  A d i s c u s s i o n  and an e v a l u a t i o n  of r e s u l t s  o b t a i n e d  f o l l o w s .  



Table  1.2 

Samples s e l e c t e d  f o r  t h e  tes t  program ( d e t a i l s  a r e  i n  
Appendix I;  the s e c t i o n s  of  t h e  sample sites a r e  

shown i n  F igs .  5.1 and 5.2). 

SAMPLE LOCATION MATERIAL KNOWN AGJ2 

3  
BBP-3 Burns Bog, Del ta .  B.C. p e a t  C0.5 

QCIP-1 Cape B a l l ,  Queen C h a r l o t t e  p e a t  >,9.16 * 0.09 

I s l a n d s .  B.C. 

MHGP-2 Mary H i l l ,  P o r t  Coquitlam. B.C. p e a t  18.60 2 0.19 

mGP-4 I I p e a t  18.70 * 0.17 

MHGP-10 11 s i l t  > 2 7 . 4 , < 2 8 . 2  

MHGP- 9 I I p e a t  28.2 * 0.20 

MHGP-12 11 s i l t  >28.2, < 40.2 

MHGP- 5 11 o r  a n i c  40.2 5 0.10 
mu6 

MHGP-13 I I s i l t  >40.2 5 0.10 

LCP-2 Lynn Canyon Park ,  North Vancouver, p e a t  233.00 0.62 

B. C. 

LCP- 3 It p e a t  > 3 3 . 0 0 +  0.62 

KRGP-2 Knight Road g ' ravel  p i t ,  North + 2.90 s i l t  >58.80 - 2.10 

D e l t a .  B.C. 

I I KRGP- 3 s i l t  >58.80{ 
+ 2.90 

- 2.10 

p e a t  >71.50{ + 1.70 
SSP-1 S a l m o n  S p r i n g s .  Summer.  - 1.40 

W a s h i n g t o n .  

L>/ ,> and< s i g n s  i n d i c a t e  t h a t  C-14 ages  a r e  on materials immediately 

ove r ly ing ,  ove r ly ing  and under ly ing  t h e  sample r e s p e c t i v e l y .  

2. F i s s i o n  t r a c k  age  of t h e  v o l c a n i c  a s h  l a y e r  i m  below SSP-1 i s  

870 * 210 ka. 

3. Age e s t i m a t e d  f r o m  t h e  s e d i m e n t a t i o n  r a t e  ( H e b d a ,  1 9 7 7 ) .  



2.1 In t roduc t ion  

I n  t h e  e a r l y  p a r t  of t h i s  work, some of the  samples were measured i n  

t h e  e x i s t i n g  TL appa ra tus  (descr ibed  i n  Wint le  and Huntley, 1980) During 

the  course of t h e  work a  new appara tus  modelled a f t e r  t h e  e x i s t i n g  one was 

b u i l t  wi th  a n  a d d i t i o n a l  f e a t u r e .  

2.2 TL Apparatus -- 

The TL r e a d e r  c o n s i s t s  of  two main components v i z ,  

1. TL oven chamber where t h e  samples a r e  heated a t  a  cons t an t  hea t ing  

r a t e .  

2. Light  d e t e c t i o n  system t h a t  measures TL of 

count ing  . 
the  sample by photon 

A schematic of t h e  e n t i r e  . system is  g iven  i n  Fig.2.1 while  a  d e t a i l e d  

c ros s  s e c t i o n  of t h e  TL glow oven i s  shown i n  Fig.2.2. 

2.2.1 Glow Oven --- 
The sample on an  Al d i s c  was heated on a  kantha l  hea t ing  s t r i p  (3.5 

cm * 2.5 c m  * 0.035 cm) i n  an  evacuable chamber. A thermal compound 

(Wakefield Engineer ing)  was used t o  make a  good thermal c o n t a c t  between t h e  

Al d i s c  and t h e  s t r i p .  The kan tha l  s t r i p  was mounted on two Cu pos t s  of 

which one was f i x e d  whi le  t h e  o t h e r  was sec t ioned  p a r a l l e l  t o  t he  s t r i p  so  

t h a t  i t  could  s l i d e  a long  a  groove t o  compensate f o r  t he  thermal expansion 

of t he  s t r i p .  The h e a t i n g  s t r i p  and the  two Cu pos ts  were N i  p l a t ed  by 
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Cu hea t lng  

posts 

control 

Fig.2.2 Cross section of the TL glow oven. 
The mineral grains settled on an aluminium 
disc is placed on the heating plate for TL 
measurement. 



e l e c t r o d e l e s s  p l a t i n g  be fo re  mounting them i n  t h e  apparatus .  A ramp 

gene ra to r  (Daybreak model 520) connected t o  t h e  Cu p o s t s  provided hea t ing  

r a t e s  from 1-25' C/sec f o r  0-500' C. A chromel-alumel thermocouple s p o t  

welded underneath t h e  k a n t h a l  s t r i p  monitored t h e  glow temperature.  A 

thermocouple vacuum gauge measured the  p re s su re  i n  t h e  chamber. The two Cu 

p o s t s  were water  cooled s o  t h a t  oven r e c y c l e  t ime was s h o r t  and the  

surrounding was kep t  a t  a  c o n s t a n t  low temperature a s  wel l .  A vacuum t i g h t  

gas  l i n e  c a r r i e d  p re -pu r i f i ed  A r  i n t o  t h e  oven chamber. Before e n t e r i n g  the  

TL oven t h e  A r  was passed through a  p u r i f i e r  c a r t r i d g e  and a  g e t t e r .  The 

c a r t r i d g e  removed oxygen, hydrogen, carbon monoxide, carbon d iox ide  and any 

water  vapour l e f t   a at he son^ Hydrox p u r i f i e r  model 8301). Before hea t ing  

t h e  sample, t h e  chamber was evacuated ( p r e s s u r e  l e s s  than 10 micron) ,  

f l u shed  wi th  A r ,  aga in  evacuated ,  and f i n a l l y  a  cont inuous f low of A r  was 

kept  a t  1 l /min.  The presence  of oxygen f r e e  (<0.1 ppm) A r  was necessary  

f o r  quenching non-rad ia t ion  induced ("spurious") TL (Nash e t  a l . ,  1967). 

Add i t i ona l ly ,  a  5  m l  beaker  f i l l e d  up t o  about a  q u a r t e r  with f r e s h  

phosphorous pentoxide  was kept  i n  t h e  chamber t o  absorb moisture.  

2.2.2 TL Detec t ion  System -- 

A pho tomul t ip l i e r  tube  wi th  b i a l k a l i  cathode SbKCs (EM1 9635) i s  used 

f o r  l i g h t  d e t e c t i o n .  The quantum e f f i c i e n c y  of t he  cathode m a t e r i a l  of t he  

EM1 9635 f a l l s  o f f  s h a r p l y  beyond 600 nm and i s  high i n  t he  b lue  region.  

Its i n s e n s i t i v i t y  t o  thermal  r a d i a t i o n  and i t s  very low dark counts makes 

i t  s u i t a b l e  f o r  TL measurements. 

Genera l ly ,  t h e  r e p r o d u c i b i l i t y  of t he  glow curves obtained by t h e  o ld  

TL appara tus  was very poor a t  t he  h igh  temperature end. The cause f o r  t h i s  

------------------ 
2 ~ a t h e s o n  of Canada, Ltd. 
P.O.Box 89, 530 Watson S t r e e t  Eas t  
Whitby, Ontar io  LIN 5R9, Canada. 



was thought t o  be  t h e  inadequate  f i l t e r i n g  of thermal r a d i a t i o n .  The o ld  

apparatus  does not  a l l ow more than  one f i l t e r  t o  be i n s e r t e d  between the  

sample and t h e  PMT, i n  a d d i t i o n  t o  t h e  f i x e d  h e a t  absorb ing  f i l t e r  (Wild 

KG-1). A Corning 5-58 f i l t e r  had been i n  use  a long  wi th  t h i s ,  but one can 

not  r e a d i l y  change t h i s  f i l t e r  when one i s  performing an experiment. 

A major i nnova t ion  i n  t he  new TL appara tus  i s  a  f a c i l i t y  f o r  t he  

easy change of o p t i c a l  f i l t e r s  by i n c o r p o r a t i n g  a  drawer- l ike f i l t e r  ho lde r  

i n  between t h e  sample and the  PMT. The h e a t  absorbing f i l t e r  (KG-1) was 

f ixed  t o  t h e  bottom of t h e  f i l t e r  ho lde r .  The Corning 7-59 and BG-38 

f i l t e r  combination was s e l e c t e d  f o r  use  owing t o  t h e i r  b e t t e r  r e j e c t i o n  of 

unwanted thermal  r a d i a t i o n  (Fig.2.3 shows the  c h a r a c t e r i s t i c s  of t he  

f i l t e r s  used) .  A b r a s s  s h i e l d  placed on t h e  h e a t i n g  s t r i p  on top  of t he  

sample, thermal ly  i s o l a t e d  from the  h e a t i n g  p l a t e ,  prevented incandescent  

l i g h t  from t h e  p l a t e  e n t e r i n g  t h e  PMT. 

The p u l s e s  from t h e  PMT were fed  i n t o  an ampl i f i e r -d i sc r imina to r  

(Ortec 9302) a f t e r  pas s ing  through a  f a s t  p reampl i f i e r  (ga in  10,  r i s e  

time 5 ns ) .  The ( n e g a t i v e )  l o g i c  p u l s e s  from the  d i sc r imina to r  were inpu t  

i n t o  a  m u l t i  channel  s c a l e r  (Inotech-5200). However s i n c e  the  MCS accep t s  

i 
only p o s i t i v e  TTL pu l se s  a  TTL pulse  i n v e r t e r  had t o  be used i n  between 

L 

1 t h e  d i sc r imina to r  and t h e  MCS. A photon coun te r  (Ortec 9315) connected t o  

the  d i s c r i m i n a t o r  ou tpu t  d i sp l ayed  the  number of counts  f o r  a  p r e s e t  per iod 

of t ime,  independent ly.  The d i s c r i m i n a t o r  l e v e l  was s e t  s o  t h a t  i t  was a t  

the  th re sho ld  of t h e  c o n s t a n t  s i g n a l / n o i s e  r a t i o .  The dark  count of t he  PMT 

was then about 15 sec? Data c o l l e c t e d  i n  t h e  MCS was t r a n s f e r e d  t o  a  

magnetic tape .  Data handl ing  ( s t o r i n g  and process ing)  c a p a b i l i t y  was 

tremendously improved by t h e  use of a  Tekt ronix  4051 minicomputer. A p l o t  

of t he  glow curve was recorded  from t h e  M C S  on an X-Y recorder  a s  wel l .  



,", 
L ~ u a n t u m  efficiency ( q )  of 

Fig.2.3 The overall transmission characteristics 
of the filter combination used in the TL 
apparatus (KG-1 + BG-38 + Corning 7-59) , 
and the quantum efficiency of the PMT 
photocathode. 



Table  2.1 

Dose rate to quartz ( s io2 )  from Co - 60 source i n  

' G m c e l l  -200'. 

January 
February 

March 

April 

May 

June 

J ~ Y  
A u g u s t  

September 

October 

N o v e m b e r  

December 2.28 2.00 

- - 
1 . D o s . e  r a t e s  o n  S i O  h a d  b e e n  c a l c u l a t e d  b y  D r . D . J . H u n t l e y  u s i n g  

2  
t h e  c o n v e r s i o n  f a c t o r  1 . 0 5  f r o m  t h e  m e a s u r e d  v a l u e  w i t h  CaF 

2 
d i s c s  i n  t h e  O x f o r d  c a l i b r a t i o n  k i t  b y  D r . A . G . W i n t l e  

( p r i v a t e  c o m m u n i c a t i o n ) .  

2 . T h e  G a m a c e l l  ' u p - d o w n '  t i m e  i s  5 . 7 1 %  0 . 2 8  s e c .  

3 . T h e  u n c e r t a i n t y  i n  t h e  a b o v e  d o s e  i s  a b o u t  5 % .  



2.2.3 Laboratory Radioac t ive  Sources 

A l l  gamma i r r a d i a t i o n s  of sediment samples were c a r r i e d  out  us ing  the  

Co-60 source  i n  t h e  Department of B io log ica l  Sc iences  a t  SFU (Gammacell 

200). This i r r a d i a t i o n  u n i t  has  been c a l i b r a t e d  by Dr.A.G.Wintle i n  

February,  1979 ( p r i v a t e  communication, Dr.D.J.Huntley) us ing  calcium 

f l u o r i d e  d i s c s  i n  t h e  s tandard  Oxford c a l i b r a t i o n  k i t .  The dose r a t e s  t o  

q u a r t z  f o r  t h e  per iod  1980-82 is  g iven  i n  t h e  Table 2.1 a f t e r  c o r r e c t i n g  

f o r  t h e  h a l f  l i f e  of Co-60 (5.26 y r )  and t h e  abso rp t ion  of energy i n  

calcium f l u o r i d e .  The 'gammacell' i r r a d i a t i o n  t ime can be c o n t r o l l e d  by a  

b u i l t  i n  e l e c t r o n i c  t imer  from few seconds t o  999.9 h r s .  The lower l i m i t  

i n  t h e  i r r a d i a t i o n  time was determined by t h e  time taken f o r  moving the  

sample mechanica l ly  t o  t h e  p a r t  where t h e  Co source  i s  loca ted  i n  t he  

i r r a d i a t i o n  u n i t .  The e f f e c t i v e  i r r a d i a t i o n  per iod  f o r  t h i s  mechanical 

movement has  t o  be added t o  c o r r e c t  t h e  smal l  i r r a d i a t i o n  times ( l e s s  than 

1  min) a s  r ead  on t h e  t imer .  The above c o r r e c t i o n  was determined a s  

fol lows.  The TL induced i n  a  calcium f l u o r i d e  d i s c  f o r  va r ious  i r r a d i a t i o n  

per iods  s e t  by t h e  t i m e r ,  ranging from 2-10 seconds was measured. The p l o t  

of TL vs.  t ime i n  seconds e x t r a p o l a t e d  - t o  TL=O gave an i n t e r c e p t  on time 

a x i s  which i s  taken a s  t h e  e f f e c t i v e  t ime. Measurements y i e lded  a  va lue  of 

5.71 +/- 0.28 seconds. 

In  t h e  beginning t h e  samples were u s u a l l y  i r r a d i a t e d  i n  small  l i g h t  

t i g h t  t i n  boxes by p l ac ing  them on t h e  c i r c u l a r  h o r i z o n t a l  i r r a d i a t i o n  

p l a t fo rm of t h e  'gammacell' and a c t i v a t i n g  t h e  mechanism t h a t  moves t h i s  

p la t form t o  t h e  v i c i n i t y  of Co source .  The source  i s  housed i n  a  

c y l i n d r i c a l  c o n t a i n e r  t h a t  e n c i r c l e s  t h e  i r r a d i a t i o n  platform. Subsequent 

use of t h e  i r r a d i a t i o n  u n i t  showed some TL v a r i a b i l i t y  i n  i r r a d i a t e d  

samples,  s p e c i a l l y  a t  h ighe r  i r r a d i a t i o n  per iods .  This was a t t r i b u t e d  

p a r t l y  t o  sample r e p r o d u c i b i l i t y  and p a r t l y  t o  t h e  s p a t i a l  v a r i a t i o n  of t he  

2 3 



dose r a t e  i n  t h e  u n i t .  A c y l i n d r i c a l  p l a s t i c  c o n t a i n e r  which f i t s  t o  t h e  

'gammacell ' i r r a d i a t i o n  p l a t fo rm was found and 12 s l o t s ,  equa l ly  spaced 

around a  c i r c l e  c o n c e n t r i c  wi th  t h e  o u t e r  r i m  of t h e  p l a s t i c  con ta ine r  were 

made on a  t h i c k  RTV s i l i c o n e  rubber  l a y e r  i n  i t .  This enables  one t o  

i r r a d i a t e  12 samples s imul taneous ly  a t  a  c o n s t a n t  dose r a t e .  A s  expected 

t h e  use  of t h i s  sample ho lde r  reduced t h e  TL v a r i a b i l i t y  i n  most of t h e  

samples. TL measurements wi th  d i s c s  prepared from LCP samples showed t h a t  

t he  dose r a t e  a t  t h e  above s l o t s  i s  4.2% +/- 2.0% h ighe r  than  t h a t  a t  t h e  

c e n t r e  of t h e  'gammacell', where t h e  samples were i r r a d i a t e d  i n  a  t i n  box. 

A l l  t h e  a lpha  i r r a d i a t i o n s  were done wi th  t h e  a i d  of a  commercial 

a lpha  i r r a d i a t o r  (ELSEC Alpha sou rce  u n i t  Type 721 S / N  3 with Am-241 2  m C i  

sou rces ,  Aitken,  1978-a). Af t e r  p l a c i n g  t h e  samples on t h e  i r r a d i a t i o n  

pos t s  t h e  chamber of t h e  u n i t  was evacuated t o  avoid a t t e n u a t i n g  the  a lpha  

r a d i a t i o n  by a i r .  I r r a d i a t i o n  t ime could be c o n t r o l l e d  up t o  s i x  hours ,  by 

an e l e c t r o n i c  t imer  a t t a c h e d ,  w i t h i n  an accuracy of about one minute. 

- For t h e  c a l i b r a t i o n  of t h e  dos imeters  which were used t o  measure t h e  

i n - s i t u  dose r a t e s  a t  t h e  sample s i t e s ,  a  Ra-226 gamma source  (10 mCi) was 

used. This source  was c a l i b r a t e d  i n  terms of a  l a b o r a t o r y  be t a  source  

(Sr-90/Y-90) which, i n  t u r n  was compared wi th  t h e  'gammacell' by means of 

t h e  above calcium f l u o r i d e  d i s c .  This  enab le s  one t o  know the  dose r a t e  a t  

t h e  gamma i r r a d i a t i o n  u n i t  with Ra-226 source  i n  terms of t h a t  of Co-60 

source i n  t h e  'gammacell'. An i n t e r m e d i a t e  source  had t o  be used because of 

t h e  huge d i f f e r e n c e  i n  t h e  s t r e n g t h s  of t h e  a v a i l a b l e  gamma sources.  

An 'o rder  of magnitude' c a l c u l a t i o n ,  i n  t h e  poin t  source 

approximation,  f o r  t h e  Ra-226 l i n e a r  sou rce  gave a  t e n t a t i v e  va lue  of 2  

m i l l i g r a y / h r  (Young and Batho, 1964) a t  20 cm from the  source.  The a c t u a l  

d i s t a n c e  from t h e  Ra-226 source t o  t h e  i r r a d i a t i o n  p l ace  i s  19.7 cm. 

Ca l ib ra t ion  with a calcium f l u o r i d e  d i s c  yie1,ded t h e  dose r a t e  of Ra-226 



r source t o  be 5.33 +I- 0.35 m i l l i g r a y l h r ,  The h ighe r  measured va lue  r e f l e c t s  

t he  f a c t  t h a t  n e i t h e r  t h e  e f f e c t  of s c a t t e r i n g  nor t h a t  of t h e  secondary 

e l e c t r o n s  produced were inc luded  i n  t h e  above c a l c u l a t i o n .  

2.3 Sample P repa ra t ion  

Usual ly,  t h e  sediment samples were c o l l e c t e d  with s u i t a b l e  

precaut ionary  c o n d i t i o n s  s o  a s  t o  minimize t h e i r  exposure t o  s u n l i g h t  and 

were s t o r e d  i n  l i g h t  t i g h t  c o n t a i n e r s .  Even s o ,  an o u t e r  l a y e r  of t h i c k n e s s  

of about one cen t ime te r  i s  removed from t h e  sample p r i o r  t o  t h e i r  use t o  

avoid using any m a t e r i a l  t h a t  has  been exposed t o  sun l igh t .  Moreover, a l l  

t h e  experiments were c a r r i e d  ou t  i n  subdued orange l i g h t .  

TL was t o  be observed from t h e  minera ls  i n  t he  sediments. Hence one 

has t o  i s o l a t e  them from t h e  c o l l e c t e d  samples. P r imar i ly ,  f o u r  s t e p s  were 

involved i n  doing  t h i s  v i z ,  

1. Removing t h e  m a t e r i a l s  o t h e r  than  the  minera ls .  

2. Removing t h e  m a t e r i a l s  on t h e  mine ra l s  which obscure TL. 

3. Sepe ra t ing  t h e  cleaned mine ra l s  i n t o  a  requi red  g r a i n  s i z e .  

4. S e t t l i n g  t h e  sepa ra t ed  mine ra l s  on A 1  d i s c s  f o r  handl ing them. 

Very l a r g e  g r a i n s  of minera ls  0 6 8  micron)  and woody m a t e r i a l s  'were 

removed from t h e  sample by f i l t e r i n g  through a  68 micron s ieve .  11100N HC1 

ac id  was then  added t o  d i s s o l v e  any carbonates  i n  t he  sample. Af te r  about 

2  h r s  i n  t h e  s o l u t i o n ,  t he  a c i d  was poured away. The sample was r i n s e d  

with d i s t i l l e d  water  and 10% hydrogen peroxide was added t o  i t  t o  o x i d i s e  

the  organic  m a t e r i a l s .  Removal of carbonates  speeds the  ox ida t ion  process .  

The hydrogen peroxide was rep laced  d a i l y ,  and the  s o l u t i o n  was s t i r r e d  

about twice  a  day. This  procedure was c a r r i e d  out  u n t i l  t h e  m a t e r i a l  became 

a s  l i g h t  i n  co lou r  a s  p o s s i b l e  i n d i c a t i n g  decomposition of organics .  This 

u sua l ly  took about 3  days. A t  t he  end of t h i s  pe r iod ,  the  sample was 



r i n sed  w e l l  i n  d i s t i l l e d  water  t o  wash away any hydrogen peroxide  l e f t .  

The i r o n  oxide  l a y e r  on mine ra l s  i s  cons idered  t o  be a  TL obscur ing  

agent .  Hence t h e  s o  c a l l e d  CBD ( c i t r a t e  b i c a r b o n a t e  d i t h i o n a t e )  t r ea tmen t  

was followed f o r  removing i r o n  oxide  c o a t i n g  on minera l s .  For each 10  gm 

of sample (assuming 5% i r o n  oxide ;  p r i v a t e  communication with 

D r .  G.W.Berger) 50 m l  of a  p r ev ious ly  prepared s o l u t i o n  of sodium c i t r a t e  

and sodium b ica rbona te  (71 gm of c i t r a t e  and 8.5 gm of b i ca rbona te  i n  1 1 

of wa te r )  was added t o  which a  1 gm of sodium d i t h i o n i t e  was subsequent ly  

added s t i r r i n g  t h e  s o l u t i o n  v igourous ly .  The sample i n  t h i s  s o l u t i o n  was 

kept  a t  room tempera ture  f o r  12 h r s  (Jackson,  1979). A t  t h e  end of t h i s  

per iod t h e  s o l u t i o n  was poured away and t h e  sample was washed thoroughly 

with water .  

When a  sample was examined wi th  an o p t i c a l  microscope clumps of  

minera l  g r a i n s  were u s u a l l y  seen.  The presence  of such coagu la t i on  hampers 

a  good g r a i n  s i z e  s e p a r a t i o n .  Therefore ,  t h e  cleaned sample was then  placed 

i n  1/100 N sodium o x a l a t e  s o l u t i o n  f o r  s e g r e g a t i n g  the  minera l s .  Sodium 

o x a l a t e  a c t s  a s  a  d i s p e r s e r  h e r e  u s u a l l y ,  r ep l ac ing  t h e  i o n s  such a s  

calcium and magnesium, which a r e  r e s p o n s i b l e  f o r  such f l o c c u l a t i o n s  ~f  

mine ra l s ,  wi th  sodium. The per iod  of d i s p e r s i o n  depends on t h e  sample but  

t he  optimum was found t o  be t h r e e  days ( p r i v a t e  communication: 

Dr.G.W.Berger). Usul ly ,  d i s p e r s i o n  was aided by p l ac ing  t h e  sodium o x a l a t e  

s o l u t i o n  i n  an  u l t r a s o n i c  ba th  f o r a f e w  minutes.  

The w e l l  d i s p e r s e d  sample was then  sepa ra t ed  i n t o  t h e  r equ i r ed  g r a i n  

s i z e  by S tokes  s e t t l i n g .  I n  t h i s  s t udy  most of t h e  samples were s epa ra t ed  

i n t o  t h e  2-8 micron range ( s e e  Chap.3). To do t h i s  t h e  sample was 

t r a n s f e r r e d  t o  a  t a l l  measuring c y l i n d e r  and d i s t i l l e d  water  was then added 

up t o  a  h e i g h t  of  20 cm. Af t e r  shaking t h e  c y l i n d e r  thoroughly t h e  sample 

was kept  und i s tu rbed  f o r  a  per iod  of 1 h r  t o  s e t t l e .  A t  t h e  end of t h i s  



period a l l  t h e  m a t e r i a l s  with e f f e c t i v e  d iameters  g r e a t e r  than  8 microns 

would s e t t l e  down t o  t h e  bottom of t h e  c y l i n d e r  a s  d i c t a t e d  by Stokes  law. 

What remained s t i l l  i n  suspension was decanted.  This  f r a c t i o n  contained 

p a r t i c l e s  w i th  e f f e c t i v e  d iameters  l e s s  t han  8 micron, which was aga in  

s e t t l e d  a s  b e f o r e  f o r  a  per iod of 8 h r s  a t  10 cm column of water. Af te r  

t h i s  s e t t l i n g  p e r i o d ,  t h e  p a r t i c l e s  s t i l l  i n  suspens ion  a r e  those with 

e f f e c t i v e  d i ame te r s  l e s s  than  2 micron. This  f r a c t i o n  was decanted away. 

The r e s t  was most ly g r a i n s  i n  t h e  2-8 micron e f f e c t i v e  d iameter  range. To 

g e t  r i d  of any s m a l l e r  p a r t i c l e s  which could g e t  dragged down with l a r g e r  

ones,  t h e  above p roces s  was repea ted  u n t i l  a  very c l e a r  superna tan t  was 

obtained.  It should be  noted t h a t  t h i s  g r a i n  s i z e  s e p a r a t i o n  was no t  an 

exac t  one. The sepa ra t ed  sample may con ta in  a  smal l  f r a c t i o n  of g r a i n s  with 

d iameters  l e s s  t han  2 microns a s  w e l l  a s  some wi th  d iameters  g r e a t e r  than  

8 microns bu t  t h e  dominant f r a c t i o n  would be those  between 2 and 8 microns 

(Zimmerman, 1971). 

The n e x t  s t e p  was t o  s e t t l e  t he  sepa ra t ed  g r a i n s  on c l ean  A 1  d i s c s  

(d iameters  between 9.99-9.95 mm and th i ckness  0.5mm) which were previous ly  

etched wi th  d i l u t e  HF a c i d .  F i r s t ,  t he  c l e a n  Al d i s c s  were placed i n  g l a s s  

v i a l s  of i n t e r n a l  d iameter  of 1 cm. Enough methanol was s q u i r t e d  i n  t o  the  

v i a l s  t o  cover  t h e  d i s c s  s o  t h a t  by pushing t h e  d i s c  g e n t l y  aga ins t  the  

g l a s s ,  one could  make s u r e  t h a t  no a i r  bubbles  were t rapped between them. 

This methanol was then  d i sca rded .  

Meanwhile, t h e  s epa ra t ed  g r a i n s  were made i n t o  a  t h i n  suspension i n  

methanol i n  a  s e p a r a t e  con ta ine r .  One m l  of t h i s  suspension was t r ans fe red  

t o  each v i a l  c o n t a i n i n g  an aluminium d i s c  by a  micropipe t te .  Before each 

t r a n s f e r  t h e  suspens ion  was shaken wel l  t o  make i t  uniform. A s e t  of v i a l s  

prepared thus  was s t o r e d  away undis turbed  f o r  dry ing .  Usual ly,  about t h r e e  

days were t aken  f o r  complete dry ing  a t  room temperature.  This could be 



0 
a c c e l e r a t e d  by p l a c i n g  t h e  v i a l s  i n  an oven wi th  a  tempera ture  of 35 C 

where one can d r y  them w i t h i n  16 h r s .  The s e t t l e d  m a t e r i a l s  adhere t o  t h e  

etched Al d i s c s  q u i t e  we l l  'and t h e  d i s c s  can be  removed from t h e  v i a l s  

without  l o s i n g  any m a t e r i a l  from them once they  a r e  dry .  It .is t h e  u sua l  

p r a c t i c e  of t h i s  l a b o r a t o r y  t o  make t h e  i n i t i a l  suspens ion  of t h e  sample i n  

methanol a t  such a  concen t r a t i on  t h a t  one i s  b a r e l y  a b l e  t o  read the  

w r i t i n g s  on a  t e s t  tube  con ta in ing  t h e  suspens ion  by looking  through it.  

This made s u r e  t o  a  c e r t a i n  e x t e n t ,  t h a t  t h e  samples prepared a t  d i f f e r e n t  

ba t ches  had t h e  same amount of  m a t e r i a l s  on them ( roughly  1 mg). For one 

sample, about 35 d i s c s  were prepared a t  a  t ime ,  and t h e i r  TL 

r e p r o d u c i b i l i t y  had t o  be b e t t e r  than  3% f o r  any s e r i o u s  work. Usual ly ,  18 

d i s c s  were used a long  with ano the r  11 f o r  R-f method and 'a 'value 

measurements r e s p e c t i v e l y .  S i x  d i s c s  were g e n e r a l l y  used f o r  t e s t i n g  f o r  

anomalous f a d i n g  i n  t h e  sample ( s e e  Chap.3). Genera l ly ,  one could prepare  

d i s c s  wi th  good r e p r o d u c i b i l t y  by fo l lowing  t h e  above procedure.  



111. EQUIVALENT DOSE DETERMINATION 

A Sy lvan ia  275 wat t  sunlamp was r o u t i n e l y  used t o  b leach  t h e  samples 

f o r  t h e  R - f  method. This  inexpens ive  lamp h a s  a  somewhat l a r g e  UV output .  

Exposure t o  such l i g h t  would empty t r a p s  t h a t  were n o t  emptied dur ing  t h e  

zero ing  mechanism t h a t  occured i n  na tu re .  I d e a l l y ,  one would l i k e  t o  

s imu la t e  t h e  e x a c t  s u n l i g h t  exposure t h a t  occured i n  ze ro ing ,  which i s  

unknown. However a s  l ong  a s  t h e  s t anda rd  l a b o r a t o r y  l i g h t  exposure i s  l e s s  

t han  o r  equa l  t o  t h e  n a t u r a l  ze ro ing  one a t  a l l  wavelengths,  one should 

o b t a i n  t h e  c o r r e c t  E D .  Hence t h e  W p o r t i o n  of t h e  sunlamp below 300 nm 

was c u t  o f f  by an o p t i c a l  f i l t e r  (Corning 0-52) Fig.3.1-a & 3.1-b. For 

r i v e r  sediments  t h e  Corning 3-67 f i l t e r  was used. This  f i l t e r  had y i e lded  

good r e s u l t s  wi th  such samples (Berger & Huntley,  1982). Samples t o  be  

bleached were kept  under t h e  sunlamp (SL) about  35 cm below i t  i n  an 

aluminium housing. The b leaching  per iod  was u s u a l l y  f o r  8 h r s  o r  16 h r s ,  

but  f o r  some s e n s i t i v e  samples,  exposure pe r iods  a s  s h o r t  a s  2  h r s  was n o t  

uncommon. 

TL was measured from n a t u r a l  ( N )  , gamma i r r a d i a t e d  (N +'d ) and sunlamp 

bleached (N +I+ SL) d i s c s  (Fig.3.2-a). F i r s t ,  t h e  amount of d a t a  c o l l e c t e d  

i n  t h e  MCS was reduced i n  s i z e  by summing t h e  TL d a t a  ( i n  photons per  

channel )  i n  f i v e  channels  consecu t ive ly ,  which corrsponds t o  adding up t h e  

TI, f o r  about lo0 C i n t e r v a l s  a long  t h e  glow curve.  This made i t  e a s i e r  t o  

handle  a  l a r g e  amount of  da t a .  The N +'6 and N + d + SL curves were 

ob ta ined  by f i t t i n g  l e a s t  squa re  s t r a i g h t  l i n e s  to .  t h i s  'compact' d a t a  f o r  
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Fig .  3 S p e c t r a l  energy  d i s t r i b u t i o n  of t h e  

S y l v a n i a  sunlamp. The dashed l i n e s  a r e  t h e  
t r a n s m i s s i o n  c o e f f i c i e n t s  of t h e  Corning 
0-52 and 3-67 f i l t e r s  which were used 
w i t h  t h e  sunlamp f o r  b l e e c h i n g .  

at  sea level 

Fig.3.1-b So la r  s p e c t r a l  d i s t r i b u t i o n  a t  the  
sea l e v e l  
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Fig.3.2-a G l o w  c u r v e s  o f  2-8 u m  g r a i n s  of a  
t y p i c a l  s e d i m e n t  (KRGP-3) . 
N a t u r a l  TL, a f t e r  l a b o r a t o r y  y d o s e s  and 
a f t e r  e x p o s u r e  t o  sunlamp f o r  8 h r s .  

0 5 0  100 150 
7 dose GY 

Fig.3.2-b The R-I' method on t h e  above sample a t  
285 O C .  The p o i n t  o f  i n t e r s e c t i o n  of  
N a t u r a l  (N) +y and N +y + b l e a c h  c u r v e s  
y i e l d s  t h e  ED a t  t h i s  glow c u r v e  t e m p e r a t u r e .  
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Fig .3 .2-c  ED v s .  glow c u r v e  t e m p e r a t u r e  p l o t .  
The p l a t e a u  v a l u e  i s  t a k e n  a s  t h e  ED f o r  
sample .  

F i g . 3 . 3  The e f fec t  o f  H 2 0 2  t r e a t m e n t  on BBP-3. 
1) The sample  had been i n  3 0 %  H202wi th  
N a - a c e t a t e  b u f f e r  a t  pH = 5.00 f o r  1 day. 
2 )  The sample  had been i n  13% H 2 0 2 f o r  a 
few d a y s .  



each temperature  (o r  5 channels )  a t  lo0  C i n t e r v a l s  (Fig.3.2-b). The 

i n t e r s e c t i o n  of  t h e  above two l i n e s  gave t h e  equ iva l en t  dose f o r  t h a t  

p a r t i c u l a r  temperature .  A s u i t a b l e  ED f o r  t h e  sample was determined by 

ob ta in ing  t h e  ' p l a t eau '  va lue  (Fig.3.2-c) from a p l o t  of ED vs. 

temperature .  

3.2 Grain S i z e  Dependancy of Equivalent  Dose --- - 

FRSS-1 and BBP-3 were used t o  i n v e s t i g a t e  t h e  g r a i n  s i z e  dependancy of t h e  

ED. This  i n v e s t i g a t i o n  was a l s o  a  check t o  s e e  i f  t h e  R-I' method y ie lded  

ze ro  ED f o r  modern samples. 

A s e r i e s  of  d i s c s  with minera l  g r a i n s  i n  t h e  s i z e  ranges of 

1. 1-2 micron 

2. 2-4 micron 

3. 4-8 micron 

4. 8-16 micron 

5 .  16-37 micron 

were prepared wi th  both samples. Severe problems were encountered when 

making r ep roduc ib l e  d i s c s  with BBP-3 sample. The sample be ing  a  'modern' 

p e a t ,  g e t t i n g  r i d  of o rgan ic  m a t e r i a l s  without  a l t e r i n g  TL c h a r a c t e r i s t i c s  

of t h e  sample was a  major problem. The u s u s a l  pre- t reatment  with 10% 

hydrogen peroxide  was found t o  be inadequate .  Two weeks t rea tment  with 

peroxide  s t i l l  l e f t  a  l o t  of  o rganic  m a t t e r  v i s i b l y  unoxidised and t h i s  

caused t h e  m a t e r i a l  t o  g e t  on ly  weakly a t t ached  t o  t h e  d i s c s .  Most of t he  

d i s c s  prepared had t h e i r  m a t e r i a l s  peeled o f f  from them even before  

hea t ing .  Fig.3.3 shows the  glow curves of BBP-3 (37-62 micron)  with usua l  

10% peroxide  t r e a t e d  ( f o r  few days)  and 30% peroxide  t r e a t e d  i n  Na-acetate 

b u f f e r  of pH 5.0 f o r  one day. Even though t h e  l a t t e r  t rea tment  showed a  



remarkable improvement i n  removing o rgan ic  l i t t e r  i n  t h e  sample, i t s  

adverse  chemical a c t i o n  on t h e  m a t e r i a l ,  a s  shown by t h e  change i n  t h e  

glow curve shape rendered the  method u n r e l i a b l e  f o r  TL study.  

With most f r a c t i o n s  of BBP-3 it was n e a r l y  impossible  t o  g e t  a  

meaningful ED due t o  poor r e p r o d u c i b i l i t y  of t h e  d i s c s  prepared. However, 
, 

i t  was ev ident  t h a t  t h e  ED's a r e  < 5  Gy, from some f r a c t i o n s  which behaved 

b e t t e r  than  t h e  r e s t  bu t  no t  q u i t e  w e l l  enough. 

The r e s u l t s  f o r  sample FRSS-1, obtained by R-f method a r e  shown i n  

Fig.3.4-a and Fig.3.4-b. The two bands i n d i c a t e  t h e  one s tandard  d e v i a t i o n  

e r r o r  l i m i t s  c a l c u l a t e d  f o r  t h e  ED's. Glow curves f o r  a l l  s i zed  f r a c t i o n s  

were of t h e  same form. The r e s u l t s  show t h a t  t h e r e  i s  no s i g n i f i c a n t  

dependancy of ED on g r a i n  s i z e .  

The g r a i n s  of 2-8 pm range were s e l e c t e d  f o r  t h e  r o u t i n e  measurements 

a s  they  would have rece ived  t h e  f u l l  a lpha  dose ,  the  average range of 

a lpha  p a r t i c l e s  from n a t u r a l  r a d i o a c t i v i t y  being about 25 Pm (Aitken,  1974) 

i n  s o i l .  

3.3 Glow Curve C h a r a c t e r i s t i c s  --- 

Fig.3.5-a and Fig  3.5-b show t h e  t y p i c a l  glow curves of peat  and 

non-peat m a t e r i a l s  s t u d i e d  ( h e a t i n g  r a t e  4.5O C/sec). A l l  non-peat samples 

had glow curves  of s i m i l a r  shape while  t h e  r e s t  of t h e  samples showed a  

somewhat d i v e r s e  behaviour.  S p e c i a l l y  t h a t  of QCIP-1 sample which could be 

of a  d i f f e r e n t  type  of minera ls  from the  r e s t  showed the  g r e a t e s t  c o n t r a s t .  

The s p e c t r a l  d i s t r i b u t i o n s  of t h e  TL of t h e  samples were measured 

with the  a i d  of a  s e r i e s  of i n t e r f e r e n c e  f i l t e r s ,  keeping one a t  a  time i n  

t he  f i l t e r  h o l d e r  of t h e  TL appara tus .  Measurements were done i n  t he  

wavelength r e g i o n  of 404-587 nm. Fig. 3 .6  shows the  r e s u l t s  of measurements, 

co r r ec t ed  f o r  bo th  t r ansmis s ion  c h a r a c t e r i s t i c s  of t h e  f i l t e r s  and the  
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Fig.3.4-b E D  vs. g r a i n  size p l o t  f o r  FRSS-1 
a t  285' c ( w i t h i n  t h e  p l a t e a u  r e g i o n )  . 
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F i g .  3.5 N a t u r a l  glow c u r v e s  ( h e a t i n g  r a t e  4.5' C s-l) 
a )  P e a t  samples .  
b )  Non p e a t  samples .  
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Fig.3.6 Spectral distribution of the TL of samples. 
Corrections were made for the transmission of the 
filters used and for the quantum efficiency of the 
photocathode of the PMT. 
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Fig.3.7 Uncorrected data of the Fig.3.6. 
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quantum e f f i c i e n c y  of t h e  p h o t o m u l t i p l i e r  tube.  The r ehea t  glow curves were 

sub t r ac t ed  from f i r s t  glow curves  t o  g e t  r i d  of  t he  thermal  r a d i a t i o n .  The 

red end of t h e  d i s t r i b u t i o n  should be  regarded a s  approximate s i n c e  t h e  

f i g u r e s  used f o r  t h e  quantum e f f i c i e n c y  were obta ined  from the  genera l  

in format ion  suppl ied  by t h e  manufacturer  and they  were very  low i n  t h i s  

reg ion;  t he  uncorrec ted  r e s u l t s  a r e  hence g iven  i n  a  s e p a r a t e  p l o t  Fig.3.7. 

The genera l  c h a r a c t e r i s t i c s  seemed t o  a g r e e  wi th  t h e  d i s t r i b u t i o n  curves 

publ ished by B a i l i f f  (1979) f o r  q u a r t z  e x t r a c t e d  from p o t t e r y .  (TL of a l l  

samples had a  peak i n  t h e  b l u e  r eg ion  (< 42Onm)). However i t  should be 

noted t h a t  t h e  glow curves  i n d i c a t e d  t h a t  t h e  TL of t h e  samples were 

dominated by f e l d s p a r s  but no t  by qua r t z .  

3.4 ~ r b w t h  Curve C h a r a c t e r i s t i c s  

Growth curves  obta ined  by l a b o r a t o r y  g a m a  i r r a d i a t i o n s  ( N  + 8 )  a r e  

presented i n  Fig.3.8. I n  those  c a s e s ,  where t h e  growth curves  showed 

non- l inea r i t y  l e a s t  square  q u a d r a t i c  curve  f i t t i n g  was used t o  ob ta in  ED'S 

and t h e i r  e r r o r s  (MHGP-9 i n  R - r  ; MHGP-10 and 12 i n  R-oC d a t a ,  s ee  s e c t i o n  

4.3). Even though an exponent ia l  f i t  was d e s i r a b l e  where t h e  growth curve  

s t a r t e d  t o  f l a t t e n  out  no t i ceab ly  a t  h igh  doses ,  a  quadra t i c  f i t  was 

considered t o  be adequate  i n  t h e  low dose regime. 

3.5.1 Anomalous Fading 

When t h e  TL of two d i s c s  of a  sample which have been g iven  the  same,  

l a b o r a t o r y  dose a t  two d i f f e r e n t  t imes a r e  measured a f t e r  the  l a s t  
b 

i r r a d i a t i o n  u s u a l l y  what one observes  i s  shown i n  Fig.3.9. The l o s s  of TL 

a t  low tempera ture  reg ion  i s  due t o  thermal emptying of t r a p s .  However, t he  

l o s s  of TL i n  h igh  temperature reg ion  i s  i n  disagreement with the  mean 

l i f e t i m e s  of  e l e c t r o n s  i n  t r a p s  which a r e  r e s p o n s i b l e  f o r  t h a t  p a r t  of t h e  
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Fig .3 .8  The TL growth (lSt) c u r v e s  at 2 8 5 . ~ .  
L e a s t  s q u a r e  s t r a i g h t  l i n e s  and l e a s t  s q u a r e  
q u a d r a t i c  c u r v e s  are f i t t e d  t o  d a t a .  
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Fig .3 .9  Anomalous f a d i n g .  TL glow c u r v e s  o f  
1) a  sample t h a t  had r e c e i v e d  250 Gy ydose  
6 months ago  2 )  a sample t h a t  had r e c e i v e d  
250 G y  y  d o s e  a few m i n u t e s  ago. 
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- - - -- 

Fig .3 .10  Glow c u r v e s  o f  LCP-2. 
1) 4-8  pm, non magne t i c  f r a c t i o n .  
2 )  4 - 8  U r n ,  q u a r t z  f r a c t i o n  from H F  t r e a t m e n t .  
3 )  4-8 u m ,  m a g n e t i c  f r a c t i o n .  



glow curve (Wint le ,  1977). This phenomenon i s  c a l l e d  anomalous fad ing  and 

is  not  a p roces s  we l l  understood ye t .  

Tes ts  f o r  d e t e c t i n g  the presence of t h i s  phenomenon were r o u t i n e l y  

c a r r i e d  out  f o r  a l l  t h e  samples. S i x  d i s c s  per  sample were usua l ly  used. 

F i r s t ,  t h r e e  d i s c s  were s to red  away a f t e r  be ing  g iven  a  l a b o r a t o r y  gamma 

dose . The o t h e r  t h r e e  d i s c s  were g iven  t h e  same gamma dose a f t e r  a t  l e a s t  

one week and TL were measured from a l l  d i s c s .  The r a t i o  of t h e  TL of two 

s e t s  of d i s c s  gave a  measure of f ad ing  dur ing  t h e  s t o r a g e  period.  

Severa l  workers have s tudied  t h i s  worrisome phenomenon which i s  a  

major problem i n  TL da t ing .  D i f f e ren t  mine ra l s  have d i f f e r e n t  fad ing  

c h a r a c t e r i s t i c s  (Wint le ,  1977). Quartz does not  show f a d i n g  whi le  some 

f e l d s p a r s  do . 
In  an  a t tempt  t o  f i n d  a  mineral f r a c t i o n  which does n o t  show 

anomalous f ad ing  two methods were t r i e d  v i z ,  

1. Magnetic / Non-magnet i c  f  r a c  t ion ing  . 
2. Quartz s e p a r a t i o n .  

3.5.2 Magnetic / Non-magne t i c  S  epa ra t  ion  

Sized (4-8pm) g r a i n s  of LCP-2 and LCP-3 were sepa ra t ed  i n t o  two 

f r a c t i o n s  by pas s ing  through a  Frantz  Isodyne magnetic s epa ra to r  a s  

descr ibed  by Mulhern e t  a1 (1981). The e f f e c t i v e n e s s  of t h e  sepa ra t ion  was 

checked by measuring the  TL of t he  two f r a c t i o n s  a s  w e l l  a s  by X-ray 

d i f f r a c t i o n  (XRD). Non-magnetic minera ls  a r e  known t o  be dominant i n  

emi t t i ng  TL. Fig.3.10 shows the  TL c h a r a c t e r i s t i c s  of t h e  separa ted  

f r a c t i o n s  where t h e i r  r e l a t i v e  TL l e v e l  i s  about 25 times a t  t he  peak 

around 250•‹C. The emergence of qua r t z  peaks i n  XRD p a t t e r n s  was a l s o  very  

encouraging (Fig.3.11-a). Another XRD peak of an u n i d e n t i f i e d  mineral  was 



a l s o  p re sen t  i n  t h e  p a t t e r n .  The p a t t e r n s  were ob ta ined  wi th  two passes  

0 
from 8.3 t o  60•‹ of  28 a t  2O per minute (Cu anode, 40 kv, 30 mA). 

Fading t e s t s  done on the  LCP-2 samples showed t h a t  t he  magnetic 

f r a c t i o n  d i d  n o t  f a d e  whi le  t h e  non-magnetic f r a c t i o n  d i d  (Table  3.1). 

However t h e  ED obtained f o r  t h e  magnetic f r a c t i o n  i s  no t  

s i g n i f i c a n t l y  h ighe r  (A s i m i l a r  e f f e c t  ha s  been observed by Dr. G.W. Berger 

i n  a  sample from a  g l a c i a l  t i l l ,  Woodbridge Cut, Sunnybrook T i l l  4-11 )Im ; 

p r i v a t e  communication). A s u r p r i s i n g  r e s u l t  was t h a t  another  sample (LCP-3) 

from t h e  same p e a t  l a y e r  a s  LCP-2 d id  no t  show fad ing .  The ED'S and the  

r e s u l t s  of anomalous f ad ing  t e s t s  on t h e  samples s t u d i e d  a r e  given i n  

Tables  3.1-a and 3.1-b. 

3.5.3 Quartz S e p a r a t i o n  

The s imple  procedure of t r e a t i n g  t h e  sample wi th  HF ac id  f o r  s h o r t  

per iod of t ime was t r i e d  f o r  s e p a r a t i n g  q u a r t z  (Fleming, 1979). HF ac id  i s  

known t o  d i s s o l v e  f e l d s p a r s  more r e a d i l y  t han  qua r t z .  Sized samples were 

kept  i n  0.5 N HF a c i d  s o l u t i o n  f o r  about one hour a t  t h e  end of which the  

sample was washed we l l  wi th  d i s t i l l e d  water  b e f o r e  prepar ing  d i s c s .  

The XRD d a t a  ob ta ined  from t h e  sample t r e a t e d  with HF ac id  had the  

c h a r a c t e r i s t i c  q u a r t z  peaks (Fig.  3.11-a) wh i l e  t he  un t r ea t ed  sample 

y i e lded  only  a  n o i s y  p a t t e r n  devoid of any peaks (Fig.  3.11-b). 

Quartz (about  70%) separa ted  from LCP-2 y i e lded  a  comparable ED with 

t h a t  from t h e  po lymine ra l l i c  sample (Fig.  3.12). The ED obtained from the  

HF t r e a t e d  f r a c t i o n  of QCIP-1 gave a  h ighe r  va lue  than t h a t  from the 
, 

un t r ea t ed  f r a c t i o n  but comparable w i th in  t h e  experimental  e r r o r .  

Most of t h e  samples from the  Mary H i l l  Gravel P i t  and SSP-1 d i d  show 

fad ing .  KRGP-2 and KRGP-3 d i d  n o t  show d e t e c t a b l e  f a d i n g ,  but i t  should be 

kept  i n  mind t h a t  t h e  f a i l u r e  t o  observe f ad ing  i n  a  s h o r t  term fad ing  



Table 3.1-a. 

Equivalent doses and anomalous fading results 

of peat samples. 

1 

SAMPLE GRAIN SIZE SL EXPOSURE ED ANOMALOUS STORAGE --- - - - - - - - - _ - _  
1J.m Filter Time (hr) Gy FADING TIME (d) 

BBP- 3 4-8 

QCIP-1: 
polyminerallic 2-8 
HF treated 2-8 

MHGP- 2 4-11 

MHGP - 4 4-11 

LCP-2 : 
polyminerallic 4-11 
non magnetic 4-8 
magnetic 4-8 
HF treated 2-8 

LCP-3: 
polyminerallic 2-4 
non magnetic 4-8 
magnetic 4-8 

1.The polyminerallic, non magnetic, magnetic and HF treated 

samples are a) sample after grain size separation, 
b) non magnetic fraction of the separated grains, 
c) magnetic fraction of the separated grains and 
d) grains remaining after 1 hr in 0.5N HF 

respectively. 



T a b l e  3.1 -b 

E q u i v a l e n t  Doses and  Anomalous F a d i n g  o f  non-pea t  s amples .  

SAMPLE GRAIN SIZE SL BLEACHING ED ANOMALOUS STORAGE -------------- 
(Micron)  F i l t e r  Time ( h r )  Gy FADING TIME ( d )  

MHGP-13 2-8 0-52 16 4 8 + 1 1 1 2 2 8  11 

KRGP-2 2-8 0-52 8 130 +22 3 I 7 90 

KRGP- 3 2-8 0-52 8 .  184 +13  5 2 3 17  



Relative 

Intensity 

Separoted 'quortz '  I 
4 f ract ion (with H F )  

Fig .3 .11 -a  XRD p a t t e r n s  o f  4 - 8  Pm g r a i n s  o f  LCP-3. 
M a g n e t i c ,  non m a g n e t i c  f r a c t i o n s ,  and  
g r a i n s  t r e a t e d  w i t h  0 .5N HF f o r  1 h r  t o  
s e p a r a t e  q u a r t z .  Commerc i a l ly  o b t a i n e d  
q u a r t z '  p a t t e r n  i s  a l s o  shown a s  a r e f e r e n c e .  

4 6 



Relative 

Intensity 

I 1  \ 4 - 8 p m  

P o l y  m i n e r a l  i c  

Fig.3.11-b XRD p a t t e r n  o f  the u n t r e a t e d  sample.  
(LCP-3, 4-8 pm) 

ED 

Gray  

Fig .3 .12  ED vs .  glow c u r v e  t e m p e r a t u r e  f o r ,  
(1) G r a i n s  t r e a t e d  w i t h  0.5N H F  . . , 

( 2 )  U n t r e a t e d  g r a i n s .  
( 3 )  Magnetic  f r a c t i o n .  
8 h r s  sunlamp exposure  w i t h  0-52 f i l t e r  was 
used i n  a l l  c a s e s .  

47 



t e s t  does not  guarantee  t h a t  t he  sample d i d  not  f ade  du r ing  i t s  geologica l  

h i s t o r y .  



I V .  EFFECTIVE DOSE RATE EVALUATION 

4.1 I n t r o d u c t i o n  

The dose  r a t e s  s u f f e r e d  by t h e  TL e m i t t i n g  mine ra l s  a r e  p r imar i l y  due 

t o  t h e  decay of  n a t u r a l l y  occuring r a d i o a c t i v e  i s o t o p e s  U-238, Th-232 and 

K-40 (0.012% i n  n a t u r a l  K) i n  t h e  sediments .  Fo r tuna t e ly ,  most of the  TL 

e m i t t i n g  mine ra l s  themselves con ta in  n e g l i g i b l e  amounts of t h e s e  

r a d i o a c t i v e  elements  s o  t h a t  t h e i r  s e l f  -dose i s  n o t  important  (Fleming, 

1979). 

Eva lua t ing  t h e  e f f e c t i v e  dose r a t e  t o  t h e  mineral  g r a i n s  involves  two 

main s t e p s . v i z ,  

1.Determining t h e  U ,  T h  and K con ten t s  o f  t h e  sample and i t s  surroundings.  

The f i r s t  two were measured by a lpha  s c i n t i l l a t i o n  count ing  whi le  t he  K 

con ten t  was ob ta ined  commercially i n  t h e  form of K20X. 

2 .Calcu la t ing  t h e  e f f e c t i v e  dose r a t e  . u s i n g  the  s tandard  dose r a t e  

convers ion  f a c t o r s  (Wintle and Huntley, 1980) f o r  count r a t e s  of each decay 

s e r i e s  a l lowing  f o r  t h e  f a c t  t h a t  t h e  a lpha  p a r t i c l e s  a r e  l e s s  e f f i c i e n t  i n  

producing TL than b e t a  o r  gamma r a d i a t i o n .  Add i t i ona l ly ,  t h e  dose r a t e s  

were c o r r e c t e d  f o r  t h e  presence of water and o rgan ic  ma t t e r  i n  t h e  samples. 

------------------ 
3~hemex Labs Ltd ,  
2 12 ,  Brooks bank Avenue, 
North Vancouver. B. C. 
Canada V7J 2C1. 



4.2 Alpha S c i n t i l l a t i o n  Counting -- 
The powdered d r y  sample 

c o n t a i n e r  which was then  placed 

was placed on a ZnS d i s c  i n  a  l u c i t e  

on a pho tomul t i p l i e r  t ube  (PMI'). Fig.4.1 

shows a  schematic  of t he  count ing  equipment desc r ibed  i n  d e t a i l  i n  Huntley 

and Wintle (1981). The s c i n t i l l a t i o n s  o f  ZnS caused by a lpha  p a r t i c l e s  from 

the  sample were counted us ing  t h e  PMT. The proper  d i s c r i m i n a t o r  s e t t i n g  I 

excluded those  p u l s e s  due t o  b e t a  p a r t i c l e s .  Convent ional ly  82% of t h e  

pu l se s  induced by a lpha  p a r t i c l e s  from t h e  U-238 decay cha in  a r e  l e t  i n  

through t h e  d i s c r i m i n a t o r  and counted. 

The t o t a l  a lpha  counts  and t h e  coun t s  of  a lpha  p a r t i c l e s  emitced 

wi th in  0.4 s of each o t h e r  ( p a i r  coun t s )  were recorded.  I n  a d d i t i o n  t o  t h e  

random p a i r s ,  p a i r  counts  a r e  produced by t h e  decay sequence 

Rn-220-->Po-216-->Bi-212 which occur  i n  Th-232 decay cha in ;  Po-216 has a  

h a l f  l i f e  of 0.145 s. A f t e r  c o r r e c t i n g  f o r  t h e  random p a i r  counts ,  t h i s  

gave a  measure of Th-232 i n  t h e  sample. A knowledge of decay schemes and 

t h e  t r u e  p a i r  counts  enab le s  one t o  c a l c u l a t e  t h e  count r a t e  due t o  Th-232 

s e r i e s  and t h a t  due t o  U s e r i e s  (U-238+U-235) s e p a r a t e l y ,  under t h e  

assumption t h a t  t h e  r a d i o a c t i v e  decay s e r i e s  a r e  i n  equ i l i b r ium (Aitken,  

1978-b). 

I f  a lpha  count r a t e s  from U and Th s e r i e s  a r e  c and c r e s p e c t i v e l y ,  
U % 

and W i s  t h e  weight pe rcen t  of  K 2 0  i n  d r y  sed iments ,  t he  uncorrected t o t a l  
K 

dose r a t e  D i n  a  d r y  sample would be  g iven  by 

where D ,D and Dl a r e  t h e  'raw' dose r a t e s  from a lpha ,  be t a  and gamma 
* ; P  

r a d i a t i o n  g iven  by,  
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Fig.4.1 Schematic of alpha scintillation counting 
apparatus. 
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where d;, d $ , d t s  a r e  t h e  conversion f a c t o r s  f o r  each type  of r a d i a t i o n  i n  
ac $ 3  

corresponding s e r i e s  (Table 4.1) f o r  t h e  s tandard  rock mine ra l s ;  D i s  t h e  
t 

cosmic dose r a t e .  

I n  o r d e r  t o  accomodate f o r  t h e  d i f f e r e n c e  i n  t h e  e f f i c i e n c i e s  of 

a lpha p a r t i c l e s  and b e t a  (or  gamma) r a d i a t i o n  i n  producing TL a  measured 

q u a n t i t y  c a l l e d  t h e  'a8-value (Aitken & Bowman, 1975) i s  convent iona l ly  

used f o r  exp re s s ing  t h e  a lpha  dose r a t e  i n  terms of an equ iva l en t  b e t a  ( o r  -- 
gamma) dose r a t e .  

4.3 The 'a '-value -- 
Expressing e f f e c t i v e  a lpha  dose r a t e  i n  terms of  t h e  equ iva l en t  b e t a  

(o r  gamma) dose r a t e  was done f i r s t  with t h e  a i d  of  t h e  'k'-value which 

was def ined  a s  t he  r a t i o  of TL per rad of a lpha  r a d i a t i o n  t o  t h a t  per  rad 

- of be t a  r a d i a t i o n .  But t h i s  parameter i s  dependent upon t h e  energy of t h e  

a lpha  p a r t i c l e s .  Hence an  a l t e r n a t e  procedure c a l l e d  'a8-value system has  

been adopted where t he  'a'-value f o r  a  sample r e l a t e s  t h e  TL per u n i t  

t r a c k  l e n g t h  of  a lpha  p a r t i c l e  (which does n o t  depend on t h e  energy of t he  

alpha p a r t i c l e s  of i n t e r e s t  h e r e  (Bowman, 1976)) t o  t he  TL per gray  of 

be t a  p a r t i c l e s .  



Table  4.1 

Dose rates (Gy/ka ) for the decay of 

K-40, U-238 and Th - 232 

Dose rate for K-40 per 1% K 0. 
2 

Dose rates from an alpha count rate of 1.00 &%s-'. 



An a lpha  r a d i a t i o n  source  (Am-241) of known s t r e n g t h  which i s  

expressed i n  terms of t h e  ' r a t e  at which t r a c k  l e n g t h  i s  de l ive red  t o  a 

-2 -i -2 -1 
u n i t  volume of t h e  sample (cm s e c  o r  micron min )' i s  used t o  measure t h e  

'a '-value of  t h e  samples. The 'a'-value i s  def ined  by 

where x i s  t h e  b e t a  (or  gamma) r a d i a t i o n  dose  i n  g rays  which produces an 

equ iva l en t  TL response i n  t he  sample a s  one minute  of i r r a d i a t i o n  by t h e  
-2 -i 

a lpha  sou rce  of s t r e n g t h  S micron min (Aitken and Bowman, 1975). Then t h e  

e f f e c t i v e  a lpha  dose r a t e s  d '  (from U s e r i e s )  and d '  (from Th s e r i e s )  i n  orv d-Tc, 

be ta (o r  gamma) equ iva l en t  dose r a t e s  a r e  g iven  by 

where c  and c  a r e  a lpha  count  r a t e s  from t h e  U and Th decay s e r i e s ,  
u Tb 

r e s p e c t i v e l y  (Wint le  & Huntley, 1980). Hence t h e  e f f e c t i v e  dose r a t e s  Di , 

D' , D' due t o  a lpha  , be ta  , gamma r a d i a t i o n s  a r e  g iven  by 
P ZI 



and t h e  t o t a l  e f f e c t i v e  d o s e  r a t e  D' i s  t h e  sum of D' D' ,D '  and D . 
K ' k * c 

The x i n  e q u a t i o n  4.2 was r o u t i n e l y  de te rmined  by r e p e a t i n g  t h e  R-S' 

p rocedure  f o r  t h e  sample by r e p l a c i n g  gamma i r r a d i a t i o n  w i t h  a l p h a  

i r r a d i a t i o n ;  t h i s  i s  c a l l e d  t h e  R - o c  method. The ED'S o b t i n e d  from t h e  two 

methods ( R -  and R-cc )were used t o  c a l c u l a t e  x .  The u s e  of  R- and R -  

ci, methods z r e  though t  t o  g i v e  t h e  c o r r e c t  ' a ' -va lue  which shou ld  be  

r e l e v a n t  t o  t h e  ' b l e a c h a b l e '  ( l i g h t  s e n s i t i v e )  t r a p s  of  t h e  m i n e r a l s  i n  t h e  

sample.  

4.4 Dose R a t e  C o r r e c t i o n  Due t o  K a t e r  and Crganic  b i a t t e r  --- 

Plost s e d i r e n t s  a r e  permeated w i t h  w a t e r  and a d d i t i o n a l l y  m a t e r i a l s  

l i k e  p e a t  c o n t a i n  a s i g n i f i c a n t  amount of o r g a n i c  m a t t e r .  Hence t h e  d o s e  

r a t e  c a l c u l a t e d  f o r  t h e  s t a n d a r d  rock n i n e r ~ l s  shou ld  be c o r r e c t e d  f o r  t h e  

p r e s e n c e  of t h e  above m a t e r i a l s .  

For samples  w i t h  n e g l e g i b l e  o r g a n i c  c o n t e n t s  t h e  c o r r e c t i o n  f o r  

a t t e n u a t i o n  of r a d i a t i o n  was done by 

DL; 

Dk - - 

c o r r e c t e d  1 + HoLA 

Db - - 

corrected 1 + H A  k 



Da 
D ' - - 
1 
co r rec t ed  1 + HIA 

where, 

A is  the  mass of water  i n  sample expressed a s  a  f r a c t i o n  of t h e  mass of 

d ry  sediment,  

H and H a r e  t h e  r a t i o s  of s p e c i f i c  s topping powers of water t o  d r y  
o( P 

sediment f o r  a lpha  and b e t a  p a r t i c l e s  r e s p e c t i v e l y ,  and H i s  the  r a t i o  of 1 
absorp t ion  c o e f f i c i e n t  of water t o  dry  sediment f o r  gamma r a d i a t i o n  

(Zimmerman, 1971). 

The va lues  H,,= 1.49, H = 1.25 and H = 1.00 were used from Bowman (1976). 
B 3 

The c o r r e c t i o n  f o r  the  dose r a t e  i n  m a t e r i a l s  with a  s i g n i f i c a n t  

amount of organic  con ten t  was e f f e c t e d  by ( s e e  Appendix. I) 

D ' ~  

co r r ec t ed  



c o r r e c t e d  1 + H aW + HOA* 

e P 

6 
W 0 0 

c o r r e c t e d  1 + H A + HJA 
1 

where D1"s a r e  t he  dose r a t e s  c a l c u l a t e d  by equat ions  (4 .5) ,  (4.6) and 

(4.7) us ing  t h e  a lpha  count r a t e s  and K con ten t s  t h a t  had been cor rec ted  

f o r  t h e  presence  of organic  ma t t e r  i n  t h e  d r y  sediment ( i . e ,  t he se  a r e  t h e  

count r a t e s  one would observe  i f  t he  organic  ma t t e r  was removed). 

W 0 
A and A a r e  t h e  masses of water and organic  m a t t e r  i n  sample expressed a s  

f r a c t i o n s  of t h e  mass of minera ls  r e s p e c t i v e l y ,  
0 

H: and H a r e  t h e  r a t i o s  of s p e c i f i c  s topping  powers of organic  ma t t e r  
P 

t o  mine ra l s  f o r  a lpha  and b e t a  r a d i a t i o n  r e s p e c t i v e l y ,  and i s  the  

r a t i o  of a b s o r p t i o n  c o e f f i c i e n t s  of organic  ma t t e r  t o  minerals .  The HoL, 

H~ 
and H a r e  def ined  a s  above. The c a l c u l a t e d  va lues  of H O ' S  a r e  shown 1 

i n  Table 4.2. Throughout a l l  c a l c u l a t i o n s  of t he  r a t i o s  of s topping  powers 

and a b s o r p t i o n  c o e f f i c i e n t s  (Evans, 1955) t h e  mean composition of organic  

ma t t e r  was taken  a s  C: 59%, H: 6%,  0: 33% and N: 2% (Rankama & Sahama, 

1950). 

The Bragg-Kleeman r u l e  s t a t e s  t h a t  t h e  range of a lpha  p a r t i c l e s  i n  a  

m a t e r i a l  i s  p r o p o r t i o n a l  t o  i t s  A "' value  (Evans, 1955). For an element 
3 f  

A i s  i t s  atomic weight whi le  f o r  a  compound o r  a  mixture of compounds i t  
e9 

i s  g iven  by 



Tab le  4.2 

0 0 0 T h e  c a l c u l a t e d  H,, H p  and HI  v a l u e s .  
a )  Ratio of specific s t o p p i n g  powers of a and B particles 

0 i n  organic matter to  m i n e r a l s  i n  peat sanples . (HZ a n d  H . 
b)  R a t i o  of a b s o r p t i o n  coe f f i c i en t s  of y rays  i n  

o r g a n i c  m a t t e r  t o  m i n e r a l s  i n  pea t  samples (HZ 1 .  
I 

ENERGY (MeV) HO 
a 

0.5 1.462 Reference  ; 

1.0 1.347 N o r t h c l i  f f e  a S c h i l l i n g  

2.0 1.342 (1970). 

4.0 1.398 Averaged over typical a 

8.0 1.322 spec t rum of U,Th i n  soil. 

ENERGY (MeV) I? 
B 

REMARKS 

Reference;  

Berger  and S e l t z e r  (1964). 

spectrum unkncrwn; hence 

the average value for H 
0 '  

ENERGY (MeV) JF RlmARKS 
Y 

Reference  ; 

Evans (1968). 

Assuming 30% o f y  are 

< 2 M e v .  

Bowman (1976). 



Table 4 . 3  

values and the correction factors  for 

alpha count ra tes  of peat samples. 

SAMPLE A CORRMlTION 
e f f 



where n . n a r e  t h e  atomic f r a c t i o n s  o  
I 1 

(4.14) 

f t h e  elements  whose atomic 

w e i g h t s  a r e  A .... A. The A v a l u e  f o r  most of t h e  minera l s  l i e s  i n  t h e  
I Y '54 

0 
r ange  1 9  - 22. Hence i n  c a l c u l a t i n g  H , t he  s topp ing  power f o r  Ne (A = 

a 
20) was used i n  p l a c e  of t h e  va lue  f o r  mine ra l s  (A = 21.4). Moreover, 

s i n c e  b e t a  energy abso rp t ion  depends on t h e  d e n s i t y  of m a t e r i a l  (Evans, 

- 3 
1955), t h e  s topp ing  power of A 1  ( d e n s i t y  2.60 g  cm ) was used (Berger & 

S e l t z e r ,  1966) f o r  t h a t  of t h e  mine ra l s  (average d e n s i t y  2.65 g  c i 3 )  wh i l e  

f o r  H; t h e  d a t a  f o r  conc re t e  was used s i n c e  t h e  gamma abso rp t ion  

c h a r a c t e r i s t i c s  o f  s o i l  and conc re t e  a r e  very  s i m i l a r  (Murray, 1981). 

The d i s c r i m i n a t o r  l e v e l  of t h e  a lpha  counter  was convent iona l ly  s e t  

t o  l e t  i n  82% (85%) of a lpha  induced pu l se s  f o r  a  d r y  sample of A va lue  
'Sf 

21.4 c o n t a i n i n g  uranium ( thorium) i n  s e c u l a r  equi l ib r ium.  However, t h e  

p r e s e n c e  of o rgan ic  m a t t e r  a l t e r s  both t h e  range of a lpha  p a r t i c l e s  and the  

c o n c e n t r a t i o n s  of U and Th i n  t h e  sample. Hence the  a lpha  count r a t e s  

( b o t h  from U and Th decay s e r i e s )  c were co r r ec t ed  us ing  t h e  . U , n ,  

Bragg-Kleeman r u l e  and t h e  mass r a t i o  of t h e  d r y  sample and the  mine ra l s  

i n  t h e  sample by, 

where A i s  t h e  c a l c u l a t e d  e f f e c t i v e  atomic weight f o r  t h e  sample (Table 
e f  f 

4.3); M,,, and M, a r e  t h e  masses of minera l s  and organic  m a t t e r  i n  t he  

sample r e s p e c t i v e l y  ( p r i v a t e  communication: Dr.D.J.Huntley). The mass r a t i o  



c o r r e c t s  t h e  coun t  r a t e  f o r  t h e  change i n  t h e  c o n c e n t r a t i o n  of  U and Th 

w h i l e  t h e  r e s t  i n  t h e  e q u a t i o n  (4.15) t a k e s  c a r e  of  t h e  e f f e c t  o f  t h e  

change i n  t h e  a l p h a  p a r t i c l e  r a n g e  and t h e  d i s c r i m i n a t o r  l e v e l .  The weight  

p e r  c e n t  of  K2 0 i n  t h e  d r y  sediment w  was a l s o  c o r r e c t e d  f o r  t h e  
K 

presence  of  o r g a n i c  m a t t e r  by u s i n g  t h e  above mass r a t i o .  For LCP-2 t h e  

v a l u e  of LCP-3 was u s e d ;  MHGP-2, MHGP-4 and MHGP-9 had n e g l i g i b l e  

o r g a n i c  c o n t e n t s  ( < 2 % )  hence no c o r r e c t i o n  were made f o r  t h e i r  count  r a t e s .  

These c o r r e c t e d  a l p h a  coun t  r a t e s  and K2C weight p e r  c e n t s  were used i n  

e q u a t i o n s  ( 4 . 5 ) ,  (4 .6)  and ( 4 . 7 )  t o  o b t a i n  8's i n  e q u a t i o n s  ( 4 . 1 1 ) ,  (4 .12)  

and (4 .13) .  

Water c o n t e n t s  o f  t h e  non-peat samples were d e t e m i n e d  by measur ing 

t h e  r e d u c t i o n  of w a t e r  i n  them by h e a t i n g  i n  an oven a t  40 C soon a f t e r  

c o l l e c t i n g  them. I n  most  sarcples t h e  s a t u r a t i o n  w a t e r  c o n t e n t s  were a l s o  

determined by l e t t i n g  t h e  s a ~ p l e s  soak w a t e r  t o  s a t u r a t i o n  and s u b s e q u e n t l y  

d r y i n g  them i n  a n  oven.  Organic  c o n t e n t  ( k )  of  a  p e a t  sample was 

determined by h e a t i n g  i t  i n  an  oven a t  500 C f o r  s e v e r a l  h o u r s  u n t i l  t h e  

sample was c o m p l e t e l y  ashed .  The r a t i o  of  t h e  r e d u c t i o n  i n  mass t o  t h e  
0 

mass of  a s h  l e f t  was t a k e n  a s  A . The mass of ashed m a t e r i a l  was t a k e n  a s  

w 0 
t h e  mass of m i n e r a l s  i n  c a l c u l a t i n g  A ' s  and A ' s  f o r  p e a t  samples  (Tab le  

4.4 and Table 4.5-a ,-b) .  

The a v e r a g e  r a n g e s  o f  a l p h a ,  be ta  and g a m a  r a d i a t i o n  from n a t u r a l  

r a d i o a c t i v i t y  i n  s o i l  i s  abou t  25 um, 2 mnl and 45 cm, r e s p e c t i v e l y .  Hence 

i n  c a l c u l a t i n g  DG and D' t h e  a l p h a  count r a t e s  and K 0% of t h e  sample were 
k 2 

used w h i l e  b o t h  of  t h e  sample  and t h e  s u r r o u n d i n g  were t a k e n  i n  c a l c u l a t i n g  

t h e  gamma c o n t r i b u t i o n .  The c o r r e c t i o n s  of  a l p h a  and b e t a  dose  r a t e s  due t o  

w a t e r  and o r g a n i c  c o n t e n t s  were c a r r i e d  o u t  u s i n g  t h e  A v ~ l u e  of  t h e  

sample.  For t h e  c o r r e c t i o n  of  t h e  gamma dose  r a t e  a  A v a l u e  judged from t h e  

geometry of t h e  sample i n  r e l a t i o n  t o  t h e  s u r r o u n d i n g  sediment  l a y e r s  was 



Table 4 .4 

0 ~ a s u r e d  w a t e r  contents ( A,AW) and organic contents ( A ) . 

SAMPLE IN-SITU WATER SATURATION WATER ORGANIC 

CONTENT CONTENT C o r n  
A ( A W )  A ( A W )  AO 

Peat : 

WIP-1 

MHGP-2 

MHGP-4 

MHGP-9 

LCP-2 

LCP-3 

SSP-1 

S i l t  and o ther  materials:  

MHGP-10 0.23 

MHGP- 12 0.18 

MHGP-13 0.19 

KRB-2 0.19 

MHGP-5 0.55 

1. The values i n  brackets are with respect to  mass of minerals i n  the  

samples w h i l e  o thers  are with respect to mass of t h e  dry sample. 

A - mass of water / mass of  dry sample. 

- mass of  w a t e r  / mass of minerals. 

A0 - mass of organics / mass of minerals. 



cn 
l- . 
rl 

h 

w 
0 . 
0 
V 

Q ' m  
m  u, . . 
rl rl 

m  0 
N N 
0 0 . 
0 0 

+I +I 

m w  
Q ' m  
4 0  . 
0 0 

rl Q' 
N N 
0 0 . . 
0 0 

+I +I 

rl N 
cn cn 
N rl . . 
0 0 

d N 
rl rl 
0 0 . . 
0 0 

+I +I 

Q'CO 
m  cu 
Q'N . . 
0 0 

N 
1 

PI 
w 
x 
G 

m 
\D 

0 

N 
0 . 
0 

+I 

m  
rl . 
0 

- 0 0  
m  m . 
0 rl 

m  cn 
rl In 
0 0 

a .  

0 0 

+I +I 

Q ' m  
L n w  
0 rl . . 
0 0 

w m  
d 0 
0 0 . . 
0 0 

+I +I 

rl N 
w rl 
o m  

0 .  

0 0 

Ln m  
0 N 
0 0 . . 
0 0 

+I +I 

Q'l- 
rl l- 
rl Q' . . 
0 0 

rl 
I 
PI 
cn 
cn 



T
ab

le
 4

.5
 
- 

b
 

D
os

e 
ra

te
s 

(D
) 

to
 

no
n 

- 
p

e
a

t 
m

a
te

ri
a
ls

. 

SA
M

PL
E 

a 
CO

U
N

T 
RA
TE
 

ks
'l 

K
20

 
'a

1-
V

A
L

U
E

 
D

 
G

y/
ka

 

-
 

-
 

-
 

1
. 

T
he

 a
lp

h
a 

co
u

n
t 

ra
te

s 
o

f 
th

e
 s

u
rr

o
u

n
g

in
g

s 
a

re
 g

iv
e

n
 

be
lo

w
 t

h
e

 s
am

pl
e 

d
at

a.
 

2.
S
S
P
-1

:O
nl

y 
th

e
 u

n
d

er
ly

in
g

 s
il

t 
wa
s 

co
u
n
te

d
. 

3.
F

or
 

S
S

P
-1

 
&

 
(Z

C
IP

-1
 

th
e

 s
a

tu
ra

ti
o

n
 w
at
er
 
co

n
te

n
t 

v
al

u
es

 w
er
e 

u
se

d
 s

in
c

e
 t

h
e

 s
am

p
le

s 
ar
e 

p
re

se
n

tl
y

 s
a

tu
ra

te
d

 a
n
d
 w
er
e 

a
s

s
m

d
 t

o
 h

av
e 

be
en

 s
o

 a
t 

a
ll

 t
ir

e
s
. 



used. 

The water contents of the samples and their surroundings must have 

fluctuated in the past due to both the drastic changes like glaciation as 

well as mild variations like seasonal effects. For the lack of a better 

value for the actual water content of the sample the average value of the 

in-situ and saturation water contents was used for the preglacial samples 

while for the postglacial ones the in-situ values were used in the dose 

rate calculations. Estimation of the cosmic dose rate D c  which is 

generally a very small quantity compared to D k  , D' and D' was based 
P 1 

on the figures given by Aitken (1974) and Prescott and Stephan (1982). The 

cosmic dose rate at 1 m depth at latitudes greater than 40 N is quoted as 

0.15 Gy/ka while that on the ground is about 0.30 Gy/ka. Considering the 

geological factors such as sedimentation, glaciation and deglaciation the Dc 

for each sample was estimated. An uncertainty of about 40% was also 

estimated considering extreme behavior of the above factors. Thus the 

estimated values for most preglacial samples was as low as 0.05 Gy/ka since 

they have been under a thick ice sheet during the last glaciation (about 

11-22 ka ago for most of the samples, Armstrong & Hicock, 1975). The 

calculated effective dose rates are given in Table 4.5-a and 4.5-b. A 

detailed effective dose calculation for one of the samples studied is given 

in Appendix 111. 

4.5 In-situ Gamma Dosimetry 

The largest uncertainty in dose rates calculated by alpha counting 

lies in evaluating the gamma contribution. This is because of the possible 

escape of some decay products in the series which were assumed to be in 

equilibrium. For instance, at 75% of Rn escape (a gaseous product of U-238 

series), the gamma dose rate would be underestimated by 50% (Aitken, 



1978-b). 

A s  a  check t o  s e e  how w e l l  t h e  gamma dose r a t e  was accounted f o r  by a lpha  

count ing ,  an  a l t e r n a t e  method of measuring i t  by phosphor dos imeters  a t  

some sample s i t e s  were c a r r i e d  ou t .  

CaF2:Dy thermoluminescence dos imeters  (TLD's, 6.35mm 6.35mm 0 . 8 8 9 ~ )  

were encapsula ted  i n  t ubes  of  0.0254 mm t h i c k  tan ta lum and 0.0508 mm t h i c k  

l e a d ,  he ld  t o g e t h e r  i n  a  v i n y l  ho lde r  (Fig.4.2, Technical  d e t a i l s  a r e  i n  

Denham e t  a l ,  1972). Dosimeters were placed i n  t h e  capsu l e  on a  s l i t t e d  

p i ece  of foam p l a s t i c .  The capsu l e  excludes a lpha  and b e t a  p a r t i c l e s  from 

t h e  phosphor and a l lows  on ly  gamma r a d i a t i o n  whi le  provid ing  t h e  phosphor 

with a f l a t  (w i th in  30%) energy response i n  0.05 - 1.25 MeV range. A 

capsule  c o n t a i n i n g  two TLD's was placed i n  a t h i n  (0.70 mm) s t a i n l e s s  s t e e l  

tube (50 cm l o n g )  and t h e  t ube  was bu r i ed  a t  a  sample s i t e  with a  p i e c e  of 

Cu a t t ached  t o  t h e  t o p  s o  t h a t  i t  could be e a s i l y  found by a  meta l  

d e t e c t o r  a t  t h e  end of t h e  b u r i a l  per iod .  

CaF2 :Dy TLDs were bur ied  a t  s i t e s  of LCP-3, MHGP-10 and MHGP-12. 

The TL of recovered TLD's a f t e r  s e v e r a l  months of b u r i a l  were measured and 

the  TL l e v e l  of t h e  most prominent peak ( a t  140•‹ C) was matched a g a i n s t  a  

subsequent ly  b u i l t  growth curve  i n  t h e  l a b o r a t o r y  u s ing  t h e  Ra-226 gamma 

source.  This  y i e lded  t h e  t o t a l  equ iva l en t  gamma and t h e  cosmic dose t h a t  

t he  phosphor has  rece ived  dur ing  i t s  b u r i a l  a t  t h e  sample s i t e .  The 

dos ime t r i c  r e s u l t s  a r e  g iven  i n  Table 4.6. Dosimeters y i e lded  va lues  with 

13%-24% u n c e r t a i n t y  whereas a lpha  count ing  gave gamma dose r a t e s  wi th  about 

10% u n c e r t a i n t y  t o  which t h e  es t imated  cosmic r a y  dose r a t e  was added. The 

cosmic r a y  dose r a t e s  D , ,  were es t imated  f o r  each s i t e  u s ing  t h e  b u r i a l  

depth dependance of  DL g iven  by P r e s c o t t  and Stephan (1982). The va lue  a t  

s ea  l e v e l  was used s i n c e  t h e  a l t i t u d e  e f f e c t  i s  n e g l e g i b l e  f o r  t h e  samples 

s tud i ed .  



Top v i e w  

Cross section 

Fig.4.2 CaF :Dy 
2 

(TLD'S) . 

, Steel tube 

5 0  crn 

thermoluminescence phosphor dosimeters 

a)TLD capsule with the dosimeter. 

b)Steel tube with TLD capsule. 



T a b l e  4.6 

C o r n p a r i s m  between d o s h t r i c  results and the dose rates from 

alpha counting and K analysis. 

- 
CALCULATED 

SAMPLE SITE & TLD DOSE 9- COUNT PRESENT D + D c  

BURIAL PERIOD Y 
IX)SE RATE COSMIC DOSE 

Gy/ka 
D Gy/ka RATE Dc G y / k a  
Y 

MHGP-12 

(82 d a y s )  



Table 4.7 

Alpha count rates of fresh and dripped samples to detect 

mbility of radioactive mter ia ls ,  

SAMPLE 

TOTAL COUNT RATE ks-I 

FRESH SAMPLE DRIPPED SAMPLE 



The e s t ima ted  a t t e n u a t i o n  of gamma r a d i a t i o n  by t h e  s t e e l  tube  and 

t h e  capsu l e  is  about 4% i n  0.5 - 1 MeV range. The r e s u l t s  of  t h e  LCP-3 and 

MHGP-12 a r e  w i t h i n  t h e  u n c e r t a i n t y  of t h e  dose r a t e s  from a lpha  count ing  and 

K ana lys i s .  However, a  d i sc repancy  i s  seen  i n  t h e  ca se  of MHGP-10. A 

s i t u a t i o n  l i k e  having a  somewhat l a r g e  s t o n e  bur ied  nearby t h a t  p a r t i c u l a r  

sample, b locking  away r a d a i a t i o n  from t h e  sur roundings ,  could pos s ib ly  ! 

exp la in  t h i s  s l i g h t  discrepancy.  1 
I 

It has  been shown f o r  some time t h a t  t h e r e  could be a  s i g n i f i c a n t  I 

enrichment of uranium i n  sediments  wi th  h igh  o rgan ic  c o n t e n t s  due t o  mobile  

u rany l  s a l t s  t h a t  g e t  t r anspo r t ed  by ground water .  Hence an a d d i t i o n a l  

I 
experiment was done t o  s e e  i f  t h e  r a d i o a c t i v e  m a t e r i a l s  i n  t h e  samples a r e  

mobile due t o  t h e  a c t i o n  of ground water .  This experiment was l i k e  t h a t  of 

Wintle (1981). D i s t i l l e d  water  was cont inuous ly  dr ipped through two samples 

f o r  a  per iod  of one week a t  a  r a t e  of about 7 l i t r e s  per  day. 

Subsequent ly ,  a lpha  count ing  was c a r r i e d  ou t  on both t h e  f r e s h  and t h e  

dr ipped samples r e s u l t s  of which a r e  shown i n  Table 4.7. LCP-3 sample 

showed a  7% dec rease  i n  t o t a l  count r a t e  whi le  MHGP-10 was una l t e r ed  

(w i th in  3%).  This  r e s u l t s  a r e  sugges t iye  of t h e  p o s s i b i l i t y  of t h e '  dose 

r a t e  being v a r i a b l e  i n  t h e  p a s t  bu t  a r e  n o t  con'clusive.  



V. APPARENT TL AGE CALCULATION 

5.1 Apparent - TL Ages 

The age  equat ion  d iscused  i n  s e c t i o n  1 . 3  was used t o  a s s i g n  t e n t a t i v e  

TL ages t o  t h e  sediments s tud ied  i n  t h e  t e s t  program. These ages  may 

correspond t o  t h e  t imes s i n c e  t h e i r  depos i ion  i f  t h e  i n i t i a l  assumtion - 

about t h e  TL clock being zeroed a t  t h e  l a s t  exposure t o  s u n l i g h t  i s  

c o r r e c t .  The c a l c u l a t e d  'apparent '  ages a r e  g iven  i n  Table 5.1. In  

s i t u a t i o n s  where t h e  samples showed d e t e c t a b l e  anomalous f ad ing  the  ages 

given a r e  t o  be considered only  minimum v a l u e s ,  hence the  > s ign .  

5.2 Unce r t a in t i e s  - 
The v a r i a b i l i t y  of t h e  water  con ten t s  of t he  samples i s  t h e  major 

source  of u n c e r t a i n t y  i n  t h e  c a l c u l a t e d  f i n a l  ages ( s ee  Appendix 111).  The 

experimental  e r r o r  of ED'S a r e  a l s o  q u i t e  s i g n i f i c a n t  i n  some samples ( s ee  

Table 5.1). The u n c e r t a i n t y  i n  the ,measured  'a'-value i s  about 15%-20%. The 

a lpha  count r a t e s  had an e r r o r  of about 10% which corresponds t o  an 

u n c e r t a i n t y  of about 6% i n  the  ca l cu la t ed  f i n a l  age. In  SSP-1, t he  

c o r r e c t i o n  f o r  organic  content  reduced t h e  dose r a t e  by 8%. The e r r o r  i n  

t h e  'a'-value (15%) corresponds t o  only 2% change i n  t h e  dose r a t e .  In  

samples l i k e  SSP-1 where one has  t o  e s t ima te  a  A value  f o r  gamma r a d i a t i o n  

from t h e  v a l u e s  of t h e  sample and the  surrounding according t o  t he  geometry 

involved ,  t h e  e r r o r  i n  t h e  dose r a t e  i s  about 10%. The o v e r a l l  u n c e r t a i n t y  

i n  t h e  ages  a r e  t y p i c a l l y  about 20%. 



Table 5.1 

Apparent TL ages. 

SAMPLE ED DOSE RATE APPARENT TL C-14 AGE 

GY Gy/ka + 10% AGE ka ka 

Peat: - 
BBP- 3 3 +  2 - 

Silt: 

MHGP- 5 25 * 3  0.84 >30f4 40.2 2 0.10 
2 

MHGP-13 48 +11 1.51 '3258 >40.2 + 0.10 

KRGP- 3 184+ 19 1.58 116218 + 2.90 
'58-80 - 2-10 

1. Age estimated from the sedimentation rate (Hebda, 1977). 
2. a , >  and < signs indicate that C-14 ages are on materials 

immediately overlying, overlying and underlying the sample 

respectively. 
3. ED for the magnetic fraction is used: unseparated sample 

showed anomalous fading and a lower ED. 
4. Fission track age of the ash layer lm below peat is 

870 2210 ka ( E a s t e r b r o o k  e t  a l ,  1981). 
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5 .3  Discuss ion  - 
The a p p a r e n t  a g e s  c a l c u l a t e d  f o r  most o f  t h e  samples from A-horizons 

( i . . ,  s o i l s  w i t h  maximum b i o l o g i c a l  a c t i v i t y ;  t h o s e  c o n t a i n i n g  o r g a n i c  

m a t t e r )  a r e  i n  agreement wi th  known a g e s ;  t h i s  shows g r e a t  promise i n  TL 

d a t i n g .  None of them y i e l d  t o o  o l d  an age  i n d i c a t i n g  t h a t  z e r o i n g  h a s  

t aken  p l a c e .  BBP-3, a  modern p e a t  sample y i e l d e d  a  low ED (< 3  +/- 2Gy). 

However, i t s  a l p h a  a c t i v i t y  was s o  low t h a t  t h e  count  r a t e  was comparable 

t o  t h a t  of t h e  background. Even though we have n o t  counted m a t e r i a l s  

u n d e r l y i n g  BBP-3, t h i s  r a r e ,  low count  r a t e  s t r o n g l y  i n d i c a t e s  t h e  

p o s s i b i l i t y  o f  t h e  dose  r a t e  b e i n g  v a r i a b l e  throughout  t h e  g e o l o g i c a l  

h i s t o r y  of m a t e r i a l s  such a s  p e a t .  It would be i n s t r u c t i v e  t o  o b t a i n  

samples  a t  d i f f e r e n t  d e p t h s  from t h e  same p e a t  l a y e r  t o  check i f  t h e  dose  

r a t e  v a r i e s .  Phenomenon such a s  uranium up take  by t h e  o r g a n i c  m a t e r i a l s  

have been r e p o r t e d  i n  t h e  l i t e r a t u r e  (Manskaya & Drozdova, 1968; Halbach e t  

a l ,  1980). Such p r o c e s s e s  would c a u s e  t h e  dose  r a t e  t o  be i n c r e a s e d  w i t h  

t h e  p r o g r e s s  of t i m e .  The c a u s e  f o r  LCP-2 g i v i n g  a  low age  may be such an 

e f f e c t .  Anyhow, t h e  ED va lue  f o r  BBP-3 i n d i c a t e s  a  c e r t a i n  l i m i t a t i o n  o f  

u s i n g  t h e  R-I' method a s  i t  i s  be ing  u s e d ' f o r  modern samples.  The a p p a r e n t  

age o f  BBP-3 may be roughly  e s t i m a t e d  a s  > 3  ka.  

The anomalous f a d i n g  observed i n  a lmos t  a l l  t h e  samples were q u i t e  

s m a l l .  A m i n e r a l  f r a c t i o n  whose ?L shows anomalous f a d i n g ,  but p r e s e n t  i n  

t h e  samples o n l y  i n  smal l  (< lox )  q u a n t i t i e s  may e x p l a i n  t h e  r e s u l t s  

o b t a i n e d .  However, i f  t h i s  was t h e  c a s e ,  i . e ,  i f  t h e  m a j o r i t y  of t h e  TL 

e m i t t i n g  m i n e r a l s  i n  samples d i d  n o t  f a d e ,  t h e  a p p a r e n t  TL ages  may n o t  b e  

much e f f e c t e d  by f a d i n g .  

A r e a s o n  f o r  hav ing  t o o  young a g e s  f o r  some p e e t  samples ,  i n  a d d i t i o n  

t o  anomalous f a d i n g ,  would be t h e  p o s s i b i l i t y  of t h e i r  wa te r  t o  m i n e r a l  

r a t i o s  b e i n g  much h i g h e r  d u r i n g  t h e  f i r s t  few ka which s u b s e q u e n t l y  



decreased  d r a m a t i c a l l y  a s  t h e  m a t e r i a l  was compressed d u r i n g  g l a c i a t i o n  

when t h e y  were b u r i e d  under  an i c e  s h e e t .  Moreover, t h e  e f f e c t s  of 

geochemical  a c t i o n s  on TL i n  s e d i m e n t s  a r e  t o t a l l y  unknown y e t .  

The o l d e s t  p e a t  m a t e r i a l  s t u d i e d  i n  t h e  t e s t  program was SSP-1. This  

sample h a s  a  C-14 age  which was r e c e n t l y  brought  i n t o  q u e s t i o n  by a 

f i s s i o n  t r a c k  a g e  about  10 t i m e s  o l d e r  ( E a s t e r b r o o k  e t  a l ,  1981).  The 

apparen t  TL a g e  s u p p o r t s  t h e  o l d e r  age.  For a  r e s o l u t i o n  o f  t h i s  

d i sc repancy  i t  i s  sugges ted  t h a t  t h e  C-14 age  which was o b t a i n e d  i n  t h e  

Extreme l i m i t  o f  t h e  t e c h n i q u e  could  be i n  e r r o r  due t o  sample 

contaminat ion.  A r e c e n t  ( l a s t  c e n t u r y )  m a t e r i a l  which h a s  grown i n  

e q u i l i b r i u m  w i t h  a t m o s p h e r i c  C-14 l e v e l s  h a s  a  d i s i n t e g r a t i o n  r a t e  o f  about  

13.6 per  minute  p e r  gram of ca rbon  ( S t u i v e r , l 9 7 8 )  w h i l e  a  sample of a g e  72 

ka h a s  on ly  0.0018 p e r  minu te  p e r  gram of carbon.  T h e r e f o r e  a  v e r y  o ld  

m a t e r i a l  ( w i t h  b e t a  a c t i v i t y  w e l l  beyond t h e  d e t e c t i o n  l i m i t  of t h e  

coun t ing  a p p a r a t u s )  t h a t  had been contaminated 0.13 per  m i l  w i t h  modern 

m a t e r i d  w i l l  produce t h e  same count  r a t e  a s  t h e  72 ka o l d  sample. 

The young r i v e r  s i l t ,  FRSS-I, gave an ED of <5Gy. Among t h e  a g e s  

ob ta ined  f o r  t h e  o l d e r  s i l t  m a t e r i a l s ,  KRGP-2 and KRGP-3 gave  s a t i f a c t o r y  

v a l u e s .  ?he samples  from MHGP s i t e  showed t o o  young ages .  Again,  t h i s  could  

be a t t r i b u t e d  t o  anomalous f a d i n g  o r  v a r i a b l e  d o s e  r a t e s .  The r e s u l t  of 

NHGP-12 is  q u i t e  anomalous;  t h e  m a t e r i a l  may not  have been zeroed d u r i n g  

d e p o s i t i o n .  A good knowledge o f  t h e  mode o f  d e p o s i t i o n ,  o r i g i n  of t h e  

m a t e r i a l  and i t s  g e o l o g i c a l  h i s t o r y  would g i v e  some i n s i g h t  i n  most of t h e  

c a s e s .  Adverse e f f e c t s  such  a s  radon e s c a p i n g  could  have occured i n  t h e s e  

s i t e s  whereas i n  t h e  samples c o l l e c t e d  from p e a t  l a y e r s ,  t h i s  e f f e c t  would 

have been minimal because  of t h e i r  h i g h  wate r  c o n t e n t s .  

P, p r e l i m i n a r y  t e s t  on LCP-3 showed t h a t  t h e  change i n  ED due t o  TL 

s e n s i t v i t y  change caused by b l e a c h i n g  was i n s i g n i f i c a n t .  However, f o r  



ob ta in ing  accu ra t e  ages  a  c o r r e c t i o n  f o r  t h i s  may be requi red .  

I n  comparing the  apparent  TL age with the  C-14 age ,  one should no t  f o r g e t  

t h a t  t he  l a t t e r  may depa r t  from the  t r u e  age by a  maximum of 2ka i n  t he  

9-32 ka BP range ( S t u i v e r ,  1978); the  e r r o r s  beyond t h a t  per iod a r e  y e t  t o  

be determined. Anyhow, i t  i s  u n l i k e l y  t h a t  t h e r e  would be any major 

devia t ion .  

5.4 Conclusions 

Considering t h e  c r i t e r i a  s e t  f o r t h  by Wint le  and Huntley (1982: s ee  

s e c t i o n  1 . 4 ,  t h e  pea t  m a t e r i a l s  appear t o  be b e t t e r  cand ida t e s  f o r  TL 

d a t i n g  by t h e  R-I' method than  t h e  non-peat d e p o s i t s  s tud ied  i n  t he  t e s t  

program. It should be s t r e s s e d  t h a t  more d e t a i l e d  s t u d i e s  should be done t o  

c l a r i f y  t h e  primary problem of zero ing  be fo re  making R-f a  s tandard 

technique i n  d a t i n g  any kind of geo log ica l  m a t e r i a l s .  The secondary, but 

almost equa l ly  important  i s s u e s  such a s  anomalous f a d i n g ,  dose r a t e  

v a r i a b i l t y  e t c ,  a l s o  l i m i t  any TL da t ing  technique.  However, a t  p re sen t  t h e  

technique seems t o  y i e l d  much promise i n  ob ta in ing  r e l i a b l e  d a t e s  i n  t he  

f u t u r e .  

5.5. Suggest ions f o r  Future Work 

1. A b e t t e r  c o n t r o l  over t h e  ages of t h e  modern peat  m a t e r i a l s  would be 

h igh ly  d e s i r a b l e .  To see  t h e  e f f e c t  of t he  ' r e s i d u a l '  TL s i g n a l  on t h e  

ages of t he  young samples unambiguously, a  more e f f i c i e n t  method of 

removing organic  ma t t e r  from young pea t  samples i s  needed. A c a r e f u l  

s tudy  of t h e  peroxide t rea tment  ( s e c t i o n  3.2) should be c a r r i e d  out  

s i n c e  t h i s  was no t  i nves t iga t ed  t o  a  g r e a t  ex t en t .  One v a r i a b l e ,  among 

many t h a t  was not  s tud ied  i n  t h i s  work i s  t h e  b leaching  spectrum. An 



improvement i n  t h e  s i t u a t i o n  of t h e  young samples could be expected by 

i n v e s t i g a t i n g  t h e  e f f e c t  of t h i s  v a r i a b l e  c a r e f u l l y  (pea t  samples with 

ages  0-9ka could be used here) .  

2.  The f a c t  t h a t  t h e  R - f  method seem t o  work f o r  pea t  and some 

a s s o c i a t e d  s i l t  m a t e r i a l s  sugges t s  t h a t  e i t h e r  one o r  a  group of 

mine ra l s  behaves we l l  according t o  t h e  model proposed by Wintle and 

Huntley (1979). Therefore  i d e n t i f y i n g  and p o s s i b i y  s epa ra t i ng  t h i s  

minera l  component w i l l  be of much use i n  both s e l e c t i n g  and d a t i n g  

p o t e n t i a l  m a t e r i a l s .  I n  t h i s  con tex t ,  a  f u r t h e r  s tudy  of pea t  from 

d i f f e r e n t  geographic  l o c a t i o n s  w i l l  a l s o  be of importance. 

3.  An i n t e r e s t i n g  experiment t o  examine t h e  i n i t i a l  hypothes i s  of zero ing  

would be t o  c a r r y  out t h e  R - r  method on a n  unseparated o l d  peat  

sample which had been prev ious ly  exposed t o  s u n l i g h t  f o r  some t i m e  and 

subsequent ly  given a  known gamma dose. A young m a t e r i a l  a l s o  could be 

used without  t h e  s u n l i g h t  exposure i f  one i s  a b l e  t o  prepare  good 

r ep roduc ib l e  d i s c s  wi th  it. 

4. S ince  t h e  two a t tempts  of circumventing t h e  anomalous f ad ing  y ie lded  

somewhat ambiguous r e s u l t s  t he  experiments  may be worth r epea t ing  wi th  

samples t h a t  show cons iderab le  f a d i n g  i n  a  s h o r t  time. 



VI. APPENDIX I. 

Sample S i t e  Descr ip t ions  

Sedimentology of s i t e s  MHGP, LCP and KRGP a r e  due t o  Dr.S .R.Hicock 

(pe r sona l  communication). A l l  t h e  ages  quoted a r e  i n  ka. 

BBP-3: From t o p  l a y e r  of pea t  i n  Bums Bog, South Del ta .  B.C. 

Much of t h e  bog has  been mined f o r  pea t .  This  sample i s  from a depth o f  25 

cm a t  a p l a c e  t h e  mine manager s a i d  had no t  been mined. 

The es t imated  age from the  sed imenta t ion  r a t e  i s  <0.5 ka. (Hebda, 1977) 

FRSS -1 : Suspended r i v e r  s i l t  c o l l e c t e d  from t h e  F ra se r  r i v e r  n e w  t h e  mouth 

of Coquitlam r i v e r ,  B. C. 

QCIP-1: Pea t  from a s e a  c l i f f  a t  Cape B a l l ,  Graham I s l a n d ,  Queen Cha r lo t t e  
0 

I s lands .  B.C. (53? 45.6'N , 131 53.O'W ). Fig.5.1-a. 

Three d a t e s  a r e  a v a i l a b l e :  (Mathewes & Clague, 1982; Clague e t  a l ,  1982) 

On marine s h e l l s  a t  t h e  base of t h e  marine sediments above t h e  buried pea t  

l a y e r :  9.35 +/- 0.08 (GSC 3120) 

Top of t h e  b u r i e d  pea t  l a y e r :  9.16 +/- 0.09 (GSC 3129) 

On wood below t h e  bu r i ed  pea t  l a y e r :  16.00 +/- 0.57 (GSC 3340). 



0 

MHGP: From the  g rave l  p i t  a t  Mary H i l l ,  Coquitlam. B.C. (49 13'58"N , 
122O 46'59•‹K) Fig.5.1-b and Fig. 1.1. 

"Peats :  Swamp d e p o s i t s ,  probably i n  sha l low g l a c i a l  mel t  water o r  
where water t a b l e  f l u c t u a t e d  above and below ground su r f ace .  
Sand: G lac io f luv ia l  outwash - depos i ted  by meltwater s t reams from 
advancing g l a c i e r s  du r ing  t h e  F rase r  G lac i a t ion  (Arms t rong  & 
Clague , 1977). 
S i l t  and f i n e  sand: Pond d e p o s i t s  - h o r i z o n t a l l y  layered  and 
probably s e t t l e d  out  of s t and ing  o r  s lowly moving water.  
Organic mud flow: A g r a v i t y  induced mixture of organic  and 
non-organic m a t e r i a l  moved down a s lope  upon water  s a t u r a t i o n  
and/or d i s tu rbance  (eg.ear thquake)  producing reworked m a t e r i a l  i n  
a  mixture  of o rgan ic s ,  mud, sand and s t o n e s  a l l  der ived  from 
f u r t h e r  upslope. The pa leos lope  a t  Mary H i l l  occurs  under t h e  
organic  mud flow. 
Clayey s i l t :  G l a c i o l a c u s t r i n e  and glaciomarine d e p o s i t s  f i n e  
g l a c i a l  rock f l o u r  s e t t l e d  t o  t h e  bottom of f r e s h  o r  s a l t  water 
bodies  with s t o n e s  dropping i n t o  the  mud from f l o a t i n g  icebergs  
and r a f t s ,  producing a  f i n e  mud wi th  s t o n e s  s c a t t e r e d  throughout." 

There a r e  1 8  C-14 d a t e s  on the  s i t e  (Armstrong 6 Clague, 1977; Hicock h 

Armstrong, 1981;Hicock, 1980).  

Dates on t o p  pea t :  

18.60 +/- 0.19 (GSC 2194) 18.70 +/- 0.17 (GSC 2344) 

Dates on organic  ma t t e r  i n  sandy s i l t :  

25.80 +/- 0.31 (GSC 2773);  26.00 +/- 0.31 (CSC 2277); 

26.90 +/- 0.32 (GSC 2217);  27.18 +/- 0.52 (GSC 530).  

Dates on p e a t s :  

26.10 +/- 0.29 (GSC 2301);  27.00 +/- 0.49 (GSC 2263);  

27.40 +/- 0.42 (GSC 2107);  27.50 +/- 0.36 (GSC 2349); 

28.20 +/- 0.20 (GSC 2139);  29.60 +/- 0.20 ( G C  2140). 

Dates on organic  col luvium and below: 

>62.00 (QL 194) ;  >49.00 (GSC 2120). 



LCP: Peat from Lynn Canyon Park, North Vancouver, B.C. (4g0 21 .O'N, - 

"Peat : Buried v e g e t a t i o n  l a y e r  t h a t  covered ground s u r f a c e ,  
probably above t h e  water  t a b l e  - p o l l e n  s o  f a r  i n d i c a t e s  mainly 
shrubs and h e r b s  (very  few t r e e s ) .  
S i l t :  Pond o r  back water  d e p o s i t s  - probably t h e  sediment s e t t l e d  
out of s t and ing  o r  slow moving water  a longs ide  a s t ream. 
Gravel : Coarse g l a c i o f l u v i a l  outwash - depos i ted  by g l a c i a l  
meltwater s t reams a s  g l a c i a l  i c e  r e t r e a t e d  up t h e  v a l l e y ;  may i n  
pa r t  i nc lude  col luvium (ma te r i a l  moved down v a l l e y  s i d e s  under 
grav i ty) . "  

Dates on pea t :  

30.00 +/- 0.62 (GSC 2793); 34.90 +/- 0.81 (GSC 2873); 

>39.00 (GSC 2726) ; 47.80 +/- 0.11 (GSC 3290). (Hicock, 1980). 

KRGP: From a g r a v e l  p i t  south  of t h e  western end of 84th Avenue (Knight 

Road), North Del ta ,  B.C. ( 4 4  9.3'N, 122O 55.6'W) Fig.5.1-b and Fig.I.2. 

Samples from a wood l a y e r  da ted  58.8 +/- 2.9, 2.1 (,QL 195). 

"Gravel : G l a c i o f l u v i a l  outwash - coa r se  sandy grave l  depos i ted  by 
g l a c i a l  meltwater  s t reams,  probably c l o s e  t o  i c e  f r o n t  ( f a u l t  i n  
the u n i t  sugges t s  c o l l a p s e  of i ce ,  blocks and / o r  i c e  f a c e  
i t s e l f )  : 
Sandy s i l t :  Pond o r  l a k e  depos i t -ho r i zon ta l ly  layered  s i l t  
probably s e t t l e d  i n  a body of s t and ing  water  o r  backwater 
a longs ide  a r i v e r .  
Gravel : Stream cleaned d e p o s i t s  - stream s h i f t e d  course  and flowed 
over s i t e  f o r  s h o r t  t ime (geo log ica l ly ) .  
S i l t :  Backwater o r  l a k e  deposi t -s t ream channel s h i f t e d  aga in  and 
s i t e  aga in  covered by s t a n d i n g  o r  slow moving water.  
Wood l a y e r :  Water logged snags t h a t  f l o a t e d  and sank t o  t h e  
bottom of t h e  l a k e  o r  backwater;  sample from t h i s  l a y e r  contained 
some marine d i n o f l a g e l l a t e  c y s t s  (Hicock, 1980) so  t h e  s i t e  may 
have been e s t u a r i n e  a t  t h a t  time. 
Upper s i l t :  More of t h e  l a k e  o r  backwater deposi t ."  



0 0 

SSP-1:Peat from Salmon Spr ings ,  S m e r .  Washington. (47 30'N, 122 W) wi th 

C-14 age 71.50 (QL 110, S t u i v e r  e t  al, 1978). 

Fig. 5.1-b. 

The TL sample was c o l l e c t e d  from t h e  middle o f  t h e  pea t  l a y e r .  A volcanic  

ash  l a y e r  about l m  below the  pea t  i s  da ted  a t  870 +/- 210 ka by f i s s i o n  

t r a c k  method (Easterbrook e t  a l ,  1981). The a s h  i s  r e v e r s e l y  magnetized 

whereas t he  immediately ove r ly ing  s i l t  and p e a t  a r e  normally magnetized. 

Hence t h e  pea t  i s  < 700 ka a s  t h e  Brunhes-Matuyama 

between pea t  and ash. 

-Fig.I.l M H B  ( P P q  Hill gravel pit) site. 
.MHB-10, 12, 13 samples  are s h m .  TLD' 
were buried at MHB 10 and 12. 

boundary must l i e  

S 



Fig. I .2  KRQ' (Knight Road g r a v e l  p i t )  s i t e .  

KRGP-2 and 3 samples  a r e  shown. 



VII. APPENDIX I1 

Der iva t ion  of t h e  Correc t ion  Formula f o r  Dose Ra te s  -- --- 
I n  a  sediment sample con ta in ing  m i n e r a l s ,  water  and organic  m a t t e r  

t h e  energy EK of t h e  a lpha  p a r t i c l e s  emi t ted  from the  r a d i o a c t i v e  

m a t e r i a l s  i n  t h e  sample equa ls  t h e  t o t a l  energy absorbed by mine ra l s ,  

water and organic  m a t t e r  i n  t h e  sample a t  r a d i a t i o n  equi l ib r ium.  

HI W 0 
Let Sd , S& and S, be t h e  l i n e a r  s topp ing  powers of  a lpha  p a r t i c l e s  ( a t  

t h e  average alpha energy) i n  mine ra l s ,  water  and organic  m a t t e r  

r e spec t ive ly .  Moreover, l e t  d  ' d w  
and d  be  t h e  d e n s i t i e s  of t h e  

0 

r e s p e c t i v e  m a t e r i a l s .  

The l i n e a r  s topping  power i s  def ined  a s  t h e  amount of energy l o s t  per  u n i t  

pa th  l e n g t h  of t h e  a lpha  p a r t i c l e .  I f  w e  c o n s i d e r  a c y l i n d r i c a l  volume of 

c r o s s  s e c t i o n  a r ea  A then ,  

S/A = Energy l o s t  per  u n i t  volume i n  t h e  m a t e r i a l .  

Hence 

S/Ad = Energy l o s t  per  u n i t  mass i n  t h e  m a t e r i a l .  



Theref o r e  

and 

where M , M a  and M, a r e  t he  masses of  mine ra l s ,  water  and o rgan ic  
tn 

m a t t e r  i n  t h e  sample r e spec t ive ly .  

Let 

0 g =  M J M m  and A = M o / M M .  

Then t h e  equa t ion  (1)  can be r e w r i t t e n  a s  

S ince  t h e  energy absorbed per  u n i t  mass i s  the  dose ,  we o b t a i n  



where D" i s  the  a lpha  dose t o  minera ls  whi le  t h e  D d  i s  the  a lpha  dose t o  
aC 

t he  minera ls  i n  t he  absence of both water and organic  ma t t e r .  

S i m i l a r l y  one o b t a i n s  

u,o 
where H and H a r e  g iven  by 

k 

m W W 
where S ') a r e  t he  s topping powers (absorp t ion  

P 



coef f i c i ents  ) of minerals, water and organic matter for the corresponding 

radiation. Obviously the same relat ion holds true for dose rates  as  w e l l .  

Thus one obtains the equations (4.11),  (4.12) and (4.13). In the absence of 

organic matter the above equations reduce to  equations (4 .8) ,  (4.9) and 

(4.10)  respect ive ly .  



VIII. APPENDIX I11 

A S a m p l e  C a l c u l a t i o n  o f  t h e  A p p a r e n t  Age 

E x p e r i m e n t a l  d a t a :  

E q u i v a l e n t  d o s e  ( T a b l e  3 . 1 - a )  2 5 * 3  Gy 

' a '  - v a l u e  ( T a b l e  4 . 5 - a )  0 . 0 6 4 f 0 . 0 0 4  

( T h e  m e a s u r e d  ' a ' -va lue  f o r  t h e  LCP-2 s a m p l e  w a s  t a k e n  a s  t h a t  o f  

t h e  LCP-3 s a m p l e . )  

A l p h a  c o u n t  r a t e s  ( T a b l e  4 . 5 - a ) :  

From U-238 a n d  U-235 d e c a y  

From Th-232 d e c a y  

The  w e i g h t  p e r  c e n t  o f  K 0  
2  

0 . 7 9  + 0 . 0 4  

An u n c e r t a i n t y  o f  5% was  a s s u m e d  f o r  t h e  K 0 %  ( p r i v a t e  c o m m u n i c a t i o n :  
2  

D r .  D. J .Huntley) . 
W a t e r  a n d  o r g a n i c  c o n t e n t s  ( T a b l e  4 . 4 ) :  

bW ( s a t u r a t i o n )  0 . 8 1  

A~ ( i n - s i t u )  
0 

A ( o r g a n i c  c o n t e n t )  

An u n c e r t a i n t y  o f  a b o u t  2 0 %  was  a s s u m e d  f o r  aW v a l u e  c o n s i d e r i n g  

b o t h  i n - s i t u  a n d  s a t u r a t i o n  v a l u e s  f o r  a l l  t h e  o t h e r  p e a t  s a m p l e s  

w h i l e  t h a t  o f  t h e  A' was  a s s u m e d  t o  b e  a b o u t  1 0 % .  T h e  i n - s i t u  

w a t e r  c o n t e n t  v a l u e  i s  t h e  s a m e  a s  t h a t  o f  s a t u r a t i o n  f o r  LCP-3 

b e c a u s e  t h e  i n - s i t u  m e a s u r e m e n t  was  made  i n  t h e  w i n t e r  o f  1 9 8 1  

when t h e  s a m p i e  was  c o l l e c t e d  f r o m  i t s  w e t  s i t e .  



T h e  c o r r e c t i o n  f a c t o r  f o r  t h e  a l p h a  c o u n t  r a t e s  

( f r o m  e q u a t i o n  4 . 1 5 )  

c u , T ~ '  ' ' u , T ~  = 0 . 8 3  x ( m a s s  o f  m i n e r a l s  + o r g a n i c )  

X( m a s s  o f  m i n e r a l s  ) [J""" 2 1 . 4  - 0 .17 )  

* e f f  
v a l u e  ( T a b l e  4 . 3 )  

H e n c e  c '  
U,Thl  ' u , T ~  

T h e  c o r r e c t e d  a l p h a  c o u n t  r a t e s  a n d  K 0 % :  2  
U-238 a n d  U-235 

Now D z ,  D"  a n d  D"  i n  e q u a t i o n s  ( 4 . 1 1 ) ,  ( 4 . 1 2 )  a n d  ( 4 . 1 3 )  c a n  b e  I a x 
c a l c u l a t e d  u s i n g  t h e  e q u a t i o n s  ( 4 . 5 ) ,  ( 4 . 6 )  a n d  ( 4 . 7 )  r e s p e c t i v e l y .  1 

I 

T h e  a l p h a  c o u n t  r a t e s  a n d  K 2 0 %  o f  t h - e  s a m p l e  i t s e l f  w e r e  u s e d  
I 

I 

i n  c a l c u l a t i n g  t h e  gamma d o s e  t o  LCP-3 b e c a u s e  t h e  s a m p l e  i s  , 

s u r r o u n d e d  by  t h e  same  p e a t  l a y e r  a t  l e a s t  u p  t o  a b o u t  5 0  cm I 

i n  e v e r y  d i r e c t i o n .  

From e q u a t i o n s  ( 4 . 1 1 ) ,  ( 4 . 1 2 )  a n d  ( 4 . 1 3 )  t h e  c o r r e c t e d  e f f e c t i v e  

d o s e  r a t e s  c a n  b e  c a l c u l a t e d  a s  f o l l o w s .  



T h e  t o t a l  e f f e c t i v e  d o s e  i s  g i v e n  b y  D = Do: + D '  + D '  + D . 
B 3 C 

The  e s t i m a t e d  D ( s e e  s e c t i o n  4 . 4 )  
C 

= 0 . 0 5 *  0 . 0 2  G y / k a  

H e n c e  t h e  t o t a l  e f f e c t i v e  d o s e  D = 0 . 9 7  Z 0 . 1 0  G y / k a  

T h e  ' a p p a r e n t f  TL a g e  = 2 5 1 3  . k a  

0 . 9 7 f  0 . 1 0  

T h e  ' a p p a r e n t 1  TL a g e  o f  L C P - 3  = 2 6 2 4  k a  

The  d o m i n a n t  s o u r c e  o f  e r r o r  i n  t h e  f i n a l  a g e  i s  d u e  t o  t h e  

u n c e r t a i n t y  i n  t h e  w a t e r  c o n t e n t .  T h i s  i s  c l e a r l y  s e e n  i f  o n e  

c a l c u l a t e s  t h e  d o s e  r a t e  a s s u m i n g  t h e  w a t e r  c o n t e n t  a l o n e  h a s  

a n  u n c e r t a i n t y .  F o r  t h e  2 0 %  u n c e r t a i n t y  i n  t h e  w a t e r  c o n t e n t  a l o n e  

t h e  c o r r e s p o n d i n g  u n c e r t a i n t y  i n  t h e  d o s e  r a t e  i s  0 . 9 0  Gy /ka  

c o m p a r e d  t o  t h e  t o t a l  u n c e r t a i n t y  o f  0 . 1 0  Gy /ka  o b t a i n e d  a b o v e .  
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