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Abstract : 

In po la r  f i r n ,  t he  average c ross - sec t iona l  a r e a  o f  g r a i n s  inc reases  l i n e a r l y  w i t h  

t ime .  The v a r i a t i o n  of  t h e  growth r a t e  K w i th  temperature i s  g iven by : 

where  E i s  a n  a p p a r e n t  a c t i v a t i o n  e n e r g y  (si 0.54 eV) ( 1 ,  2 ) .  The r a t e  o f  

i n c r e a s e  i s  n e a r l y  t h e  same i n  f i r n  and i c e  a s  long a s  t h e  s t r a i n  energy i s  s m a l l  

i n  comparison with the  d r i v i n g  f o r c e  f o r  g r a i n  growth. 

A much lower growth r a t e  has  been found i n  20000 years-old i c e  formed d u r i n g  t h e  

L a s t  G l a c i a l  Maximum i n  both  Dome C ( 3 )  and Vostok ( 4 )  c o r e s ,  two s i t e s  where i c e  

deformat ion i s v e r y  sma l l .  M i c r o p a r t i c l e s  and s o l u b l e  i m p u r i t i e s  c a n n o t  a f f e c t  

g r a i n  g rowth  s i g n i f i c a n t l y  a s  we l l  a s  v a r i a t i o n s  with t ime of the  temperature  T 

o f  i c e  p a r t i c l e s  depos i t ed  s i n c e  the  l a s t  g l a c i a l  age.  

In t h e  o t h e r  hand, growth r a t e  va lues  along t h e  900 m Dome C i c e  c o r e  a r e  very  wel l  

c o t r e l a t e d  t o  the  i s o t o p i c  p r o f i l e .  As t h e  i s o t o p i c  c o n t e n t  o f  p o l a r  snow i s  

p r i m a r i l y  gove rned  by t h e  t e m p e r a t u r e  o f  format ion of  p r e c i p i t a t i o n ,  we assume 

t h a t  p o l a r  i c e  k e e p s  t h e  memory o f  t h e  t h e r m a l  c o n d i t i o n s  d u r i n g  t h e  r a p i d  

metamorphism o f  snow i n  t h e  f i r s t  10 m o f  f i r n .  Ihe i c e  s t r u c t u r e  governing t h e  

d i f f u s i o n  of water molecules  t h r o u g h  t h e  l a t t i c e  o r  g r a i n  b o u n d a r i e s  would b e  

i r r e v e r s i b l y  modified du r ing  t h e  r ap id  t r ans fo rma t ion  of  snow i n  t h e  v e r y  i n i t i a l  

s t a g e  of  s i n t e r i n g .  Such an approach i s  i n  agreement w i t h  t h e  model  p roposed  by 

V a s s o i l l e  e t  a l .  ( 5 )  t o  exp la in  t h e  anomalous e l e c t r i c a l  and mechanical behavior  

o f  po la r  i c e .  

We propose t h e  c r y s t a l  growth r a t e  is given by : 

Ef Em 
K = K exp - -  exp -, 

RTs 
RT 
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where  Ef i s  t h e  f o r m a t i o n  e n e r g y  of d e f e c t s  and E  t h e  a c t i v a t i o n  energy o f  t h e  
m  

m i g r a t i o n  o f  w a t e r  mo lecu le s .  The tempera ture  T  i s  t h e  e f f i c i e n t  tempera ture  a t  

which t h e  i c e  s t r u c t u r e  i s  i r r e v e r s i b l y  m o d i f i e d  n e a r  t h e  s u r f a c e  o f  snow. 

Therefore ,  T i s  assumed e q u i v a l e n t  t o  t he  mean annual t empera tu re  o f  t h e  s i t e .  

By t ak ing  i n t o  account  r e c e n t  r e s u l t s  g iven by Higashi e t  a l .  (6)  and Goto e t  a l .  

( 7 )  on t h e  mechanism of s e l f  d i f f u s i o n  i n  i c e  and on t h e  v a l u e  of 0.16 eV f o r  Em 

t h e  f o r m a t i o n  e n e r g y  o f  d e f e c t s  Ef i s  0 . 3 8  eV. A s  t h e  v a r i a t i o n  of e x ~ - F r n / ~ ~  

r e m a i n s  s m a l l ,  e q u a t i o n  ( 2 )  g i v e s  a  h igh s e n s i t i v i t y  o f  t h e  growth r a t e  wi th  T  

and t h i s  would e x p l a i n  t h e  good r e l a t i o n s h i p  between t h e  c r y s t a l  g r o w t h  r a t e  and 

t h e  pas t  c l i m a t e .  

As a  pa l eoc l ima te  a p p l i c a t i o n  o f  t h e  model,  a  tempera ture  change o f  about 10" C i s  

found between t h e  Las t  G l a c i a l  Maximum and t h e  p r e s e n t  c l i m a t e  f o r  c e n t r a l  E a s t  

A n t a r c t i c a ,  a r e s u l t  c o n s i s t e n t  with e s t i m a t i o n s  from i s o t o p e  s t u d i e s .  For o t h e r  

s i t e s ,  such as  Byrd i n  A n t a r c t i c a  o r  Camp C e n t u r y  and Dye 3  i n  G r e e n l a n d ,  t h e  

s t r a i n  e n e r g y  s t o p s  g r a i n  growth and t h i s  e f f e c t  becomes s i g n i f i c a n t  a l r e a d y  f o r  

Holocene i c e .  We t h e r e f o r e  b e l i e v e  t h a t  t he  s u r f a c e  tempera ture  s i g n a l  i s  screened 

by such an e f f e c t .  
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