
HAL Id: jpa-00226462
https://hal.science/jpa-00226462

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

RHEOLOGY OF GLACIER ICE
K. Jezek, R. Alley, R. Thomas

To cite this version:
K. Jezek, R. Alley, R. Thomas. RHEOLOGY OF GLACIER ICE. Journal de Physique Colloques,
1987, 48 (C1), pp.C1-657-C1-657. �10.1051/jphyscol:1987196�. �jpa-00226462�

https://hal.science/jpa-00226462
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 
C o l l o q u e  C1, supplr5ment a u  n o  3, Tome 48,  mars  1987 

K.C. JEZEK, R.B.  ALLEY* and  R.H.  THOMAS* * 

Dartmouth College, Hanover, NH 03755, U.S.A. and N.A.S.A. 
Washington, DC 20546, U. S. A. 
"university of Wisconsin-Madison, Madison, WI 53706, U.S.A. 
* * ~ o y a l  Aircraft Establishment, GB-Farnborough GU14 6TD, 
Great-Britain 

Abstract : The cons t i tu t ive  re la t ion  for glacier  ice  remains an issue in 
glaciology. This is evidenced by the recent appearance of several  a r t i c l e s  i n  the 
l i t e r a t u r e  t h a t  r e p o r t  on i n t e r p r e t a t i o n s  of e x i s t i n g  d a t a  and which draw 
conclusions ranging from newtonian viscous to power law creep for polycrystal l ine 
ice. In  t h i s  paper we describe the r e su l t s  of a new analysis  based on the height of  
b o t t m  crevasses fourid in  f loating ice shelves. The analysis  r e l a t e s  the  ef fec t ive  
stress in the g lac ier  to the height of the  crevasse. The pawer of t h i s  approach is 
t h a t  the c q u t e d  stress takes in to  account all fac tors  influencing the  deformation 
of the ice shelf including ice r i s e s  and shear along the boundaries of the ice 
shelf. By canparing calculated s t r e s ses  t o  measured surface s t r a i n  ra tes ,  we a re  
able to estimate the exponent i n  the flow law and the flow law constant. W e  find 
t h a t  s t r a i n  r a t e  increases a s  the  th i rd  pawer of the devia tor ic  stress with a 
constant of proportionality equal t o  2.3 x 10-25. 

COMMENTS 

1) "Back s t r e s s "  seems t o  me a  confus ing  term 
2 )  Weertman's formula should  be t e s t e d  before  being used f o r  measuring s t r e s s e s .  It 
g i v e s  t h e  in s t an taneous  depth  when f r a c t u r i n g ,  f o r  a  p e r f e c t l y  e l a s t i c  medium. It 
can be l a r g e r  than  t h e  s t e a d y - s t a t e  depth .  The  l a t t e r  should  depend on t h e  s t r a i n  
r a t e  ( o r  t h e  d e v i a t o r i c  s t r e s s )  r a t h e r  than  on t h e  s t r e s s .  

Reply by R.B.ALLEY : 

I n  regard  t o  your f i r s t  p o i n t ,  t h e  term "back s t r e s s "  is f i r m l y  e s t a b l i s h e d  i n  t h e  
l i t e r a t u r e ,  s o  we use  it. A s  t o  t h e  second p o i n t ,  we a g r e e  t h a t  f u r t h e r  t e s t i n g  o f  
Weertmanls c r e v a s s e  t h e o r y  is w a r r a n t e d  and would prove i n t e r e s t i n g .  However, 
Weertman ( J .  Weertman, 1980, J .  G l a c i o l .  25 185) h a s  cons ide red  many p o s s i b l e  
e f f e c t s  on c revasses  and allowed f o r  them in-his t heo ry ,  and Jezek  (K.C. Jezek,  J .  
Geophys. Res., 5, 1925) h a s  considered t h e  a p p l i c a b i l i t y  of  t h i s  t heo ry  t o  t h e  
s p e c i f i c  s i t u a t i o n  d i scussed  he re .  We t h u s  b e l i e v e  t h a t  t h e  Weertman theory  p rov ides  
a  good d e s c r i p t i o n  o f  bottom c r e v a s s e s  on t h e  i c e  s h e l f .  
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