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D. Sengupta,  P h y s i c a l  Research L a b o r a t o r y ,  Navrangpura , 
Ahmedabad, I n d i a .  

T e r r e s t r i a l  a g e  of m e t e o r i t i c  f i n d s  i s  an i m p o r t a n t  para-  
meter, which e n a b l e s  u s  t o  e v a l u a t e  t h e  f requency of f a l l s ,  i t s  
t ime v a r i a t i o n ,  and i n  t u r n ,  t h e  mechanism of t h e i r  i n j e c t i o n  
i n t o  t h e  e a r t h  c r o s s i n g  o r b i t  i n  t h e  i n t e r p l a n e t a r y  space. E s t i -  
mation of t e r r e s t r i a l  age  i s  p a r t i c u l a r l y  u s e f u l  f o r  A n t a r c t i c  
m e t e o r i t e s  because  t h e y  can a l s o  be used a s  probes  t o  unders tand 
t h e  dynamics of i c e  a s  w e l l  a s  t h e  mechanism of t h e i r  accumula- 
t i o n  i n  a few s e l e c t  l o c a l i t i e s  i n  A n t a r c t i c a .  

A c t i v i t y  l e v e l s  of  cosmogenic r a d i o n u c l i d e s ,  compared t o  
t h e i r  p roduc t ion  r a t e  i n  space ,  a l l o w s  u s  t o  e s t i m a t e  t h e  p e r i o d  
s i n c e  t h e i r  f a l l ,  when cosmic r a y  p roduc t ion  ceased.  However, 
t h e s e  p r o d u c t i o n  r a t e s  depend on s i z e  o f  t h e  meteoroid ,  s h i e l d i n g  
dep th  of t h e  sample and d e g r e e  of s a t u r a t i o n ,  which a r e  normal ly  
n o t  independen t ly  known (1,2). Thermoluminescence (TL) acqu i red  
due t o  cosmic r a y  exposure  i n  space  a l s o  decays a f t e r  t h e  me- 
t e o r i t e  f a l l  b u t  t h e  e x t e n t  o f  i t s  decay has  n o t  provided a  
r e l i a b l e  method o f  e s t i m a t i n g  t e r r e s t r i a l  ages  (3). Ninagawa 
et .  a l .  (4 )  i n s t e a d  sugges ted  t h a t  TL i n  t h e  m e t e o r i t e  f u s i o n  
c r u s t ,  which g e t s  r e s e t  t o  ze ro  a t  t h e  t ime of f a l l  a s  a  r e s u l t  
of  a tmospher ic  h e a t i n g ,  subsequen t ly  b u i l d s  up due t o  cosmic r a y  
exposure  on t h e  e a r t h  and t h e  ambient r a d i o a c t i v i t y ,  may p rov ide  
a  measure of t h e i r  t e r r e s t r ' a l  ages  (TE) .  Thus TE = TL acqu i red /  
(TL d o s e / a ) .  

We h e r e  r e p o r t  r e s u l t s  of  o u r  s t u d y  i n  s i x  A n t a r c t i c  meteo- 
r i t e s  c o l l e c t e d  from A l l a n  H i l l s ,  M e t e o r i t e  H i l l s  and Mount 
Baldr  (Tab le  1 ) .  S u r f a c e  c h i p s  c o n t a i n i n g  t h e  f u s i o n  c r u s t  were 
chipped,  g r i n d e d  and p o l i s h e d  from a l l  s i d e s ,  washed i n  an u l t r a -  
s o n i c  b a t h  and crushed.  Subsequently t h e  samples were t r e a t e d  
w i t h  1 N  HC1 t o  remove any weathered m a t e r i a l  and g r a i n s  i n  t h e  
s i z e  r ange  45-110 pm were s i e v e d  and d e p o s i t e d  on s t a i n l e s s  steel 
d i s c s .  Fusion c r u s t  samples of  Dhajala  and K i r i n  (bo th  f e l l  i n  
1976) were used a s  r e f e r e n c e .  Some o f  t h e  glow curves  o b t a i n e d  
a t  a  h e a t i n g  r a t e  of 5OC/sec and t h e  a c q u i r e d  dose  ( E D )  p r o f i l e  
a r e  shown i n  Fig .  1. The ED v a l u e s  were o b t a i n e d  u s i n g  second 
glow n o r m a l i s a t i o n .  

Two f u s i o n  c r u s t  samples from Dhajala  and ALHA 77231 were 
s t u d i e d  f o r  anomalous f a d i n g  a t  room tempera ture .  These t e s t s  
d i d  n o t  i n d i c a t e  any a p p r e c i a b l e  f a d i n g  (<W) i n  t h e  p l a t e a u  
r e g i o n  f o r  a  s t o r a g e  p e r i o d  of up to  100 days and shows t h a t  l o n g  
term TL f a d i n g  may b e  n e g l i g i b l e .  

The A n t a r c t i c  m e t e o r i t e s  spend a p a r t  of  t h e i r  t e r r e s t r i a l  
r e s i d e n c e  t ime on s u r f a c e  of  i c e  [TS] and a p a r t  b u r i e d  deep i n  
i c e  [TD] a s  t h e y  t r a v e l  from t h e  r e g i o n  of f a l l  t o  t h e  r e g i o n  o f  
r ecovery  (5) .  Thus TE = TS + TD. Dynamical c o n s i d e r a t i o n s  su- 
g g e s t  t h a t  TD << Ts. Hence T E ~ s .  The dose r e c e i v e d  by t h e  
A n t a r c t i c  m e t e o r i t e s  t h u s  mainly r e s u l t s  from i r r a d i a t i o n  due t o  
t h e  cosmic r a y  f l u x  on t h e  s u r f a c e  of  i c e .  The dose  r a t e  due t o  
t h e  cosmic r a y s  a t  t h e  A n t a r c t i c  a l t i t u d e s  of 1500-2000 rn and 
geomagnetic l a t i t u d e  of 7 0 O ~  i s  computed t o  be  0.6-0.8 m ~ y / a  
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Tlble 11  n data and the e s t l u t e d  t.rr.strl.1 .pol by the fullon crust a t b d .  

. . n 
mtaorl ta  Q ~ I I  Latltud* N t l -  Ibs. TE C o w -  . nd tuda (240-260'~) ( 3 ~ 3 8 0 ' ~ )  rate (yrm) y l c  

Longi tud* (m) (.GI/* ) 
(;re; 

U R L W  HA 65 0 .09  0.28 1 . ~ 9 ~  175 11* 

7lm Dl0 76°45's.1590XI'~ 2000 7 42 0 . m  3.2xlo4 1.lx1o4(7) 

*UU 77B7 LlREI 76°45'~ .159020'~  Z€U 33 123 0.79 1 .6110~ 3.7x103(7) 

KHI 77231 L6 76°45'.159020'~ 20M 13 37 0.80 4,bx1o4 - 
PTA 79001 SHER 76°15'~ ,156030'~  XDO 7 37 0.92 6 .2110~ 3.2x103(8) 

rn 76001 L6 7 7 % 3 ' ~ , 1 6 0 ~ ~ 9 ' ~  2DiY) 6 14 0.W 1.7~10' 3.2x104(9) 

ETA 78028 UI 7 9 ° 4 1 ' ~ , 1 5 5 0 4 5 ' ~  1YO 15 67 0.63 10.6~10' 3.3x104(9) 

+bml we.. 
I 

~ - i ~ i ' F ~ r " % ~ ~ o i v  -cur it-GSTO F 
(agNatura l .  ( b ) ~  induced TL f o r  a  
tes t  dose  o f  500 Gy, ( c j B l a c k  body 
and ED p r o f i l e  f o r  ALHA 77231. 

(7,8). T h e  c o n t r i b u t i o n  of i n t e r n a l  r a d i o a c t i v i t y  ( U ,  Th and K )  
i n  m e t e o r i t e s  and t h e  su r round ing  i c e  t o  dose  r a t e  i s  n e g l i g i b l e  

I < l o / )  (Tab le  1 ) .  These d a t a  l e a d  t o  t h e  f o l l o w i n g  c o n c l u s i o n s  
1) The a c q u i r e d  dose  f o r  known f a l l s  l i k e  Dhajala  and K i r i n  

wf t h  T E ~  l l a  i s  c l o s e  t o  ze ro .  When coupled t o  an i n d o o r  
dose  r a t e  of 1.6 m ~ y / a  ( 6 )  t h i s  g i v e s  an a g e  of 85a and 175a 
r e s p e c t i v e l y ,  w e l l  w i t h i n  t h e  exper imenta l  u n c e r t a i n t y  i n  de te -  
c t i n g  t h e  low l i g h t  l e v e l s  of 1000 photons/sec.  ( 2 )  The s i g n a l  
i n  t h e  f u s i o n  c r u s t  of A n t a r c t i c  m e t e o r i t e s  i s  10-100 times h i -  
g h e r  than  i n  t h e s e  r e c e n t  f a l l s .  The ages  computed from t h e  ED 
p l a t e a u  a t  T*>3000C e x h i b i t s  a  r a n g e  of 10-100 Ka f o r  t h e  s i x  
A n t a r c t i c  m e t e o r i t e s  s t u d i e d .  The observed t r e n d  i s  g e n e r a l l y  
c o n s i s t e n t  w i t h  t h e  ages  based on cosmogenic r a d i o n u c l i d e s  
( 7 , 8 , 9 )  a s  shown i n  Table 1. The p r e s e n t  s t u d y  i n d i c a t e s  t h e  
f e a s i b i l i t y  of t h e  TL d a t i n g  of  f u s i o n  c r u s t  a s  a  r a p i d  and 
s imple  method f o r  t e r r e s t r i a l  age  e s t i m a t i o n .  
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