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Unlike on Earth. long-wavelength geoid anomalies and topography c o r r e l a t e  
w e l l  on Venus(1).  P r e v i o u s  i n v e s t i g a t o r s  a t t e m p t e d  t o  e x p l a i n  t h e  s t r o n g  
p o s i t i v e  c o r r e l a t i o n  a s  due t o  deep  i s o s t a t i c  c o m p e n s a t i o n ( 2 ) ,  b u t  Venus's 
a d m i t t a n c e  c u r v e  ( t h e  s p e c t r a l  r a t i o  o f  g e o i d  t o  t o p o g r a p h y )  f o r  h a r m o n i c  
d e g r e e s  2  t o  1 8  i s  i n c o n s i s t e n t  w i t h  e i t h e r  A i r y  o r  P r a t t  i s o s t a s y ( 3 ) .  
Moreover, t h e  requ i red  i s o s t a t i c  compensation depth  of 150 t o  300 km occurs  a t  
t o o  l a r g e  a  d e p t h  f o r  t h e r e  t o  b e  any l o n g  t e r m  e l a s t i c  s t r e n g t h ( 4 ) .  On t h e  
o t h e r  hand, t h e  a d m i t t a n c e  c u r v e  i s  c o n s i s t e n t  w i t h  dynamic s u p p o r t  f rom 
m a n t l e  c o n v e c t i o n ( 3 ) .  I n  dynamic mode ls ,  t h e  a d m i t t a n c e  i s  s e n s i t i v e  t o  
r a d i a l  v i s c o s i t y  v a r i a t i o n s  b u t  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  r a d i a l  
d i s t r i b u t i o n  of t h e  d e n s i t y  c o n t r a s t s  which d r i v e  t h e  convect ive  flow. 

We have considered t h r e e  d i f f e r e n t  types  of dynamic model: whole mant le  
convection,  convection w i t h  a  chemical  boundary a t  700 km depth  s e p a r a t i n g  t h e  
upper and lower  mantles,  and convect ion w i t h  a  chemical  boundary s e p a r a t i n g  a  
c r u s t  of about 100 km thickness(5)  from t h e  under lying mantle. A whole mant le  
c o n v e c t i o n  model w i t h  a  h i g h  v i s c o s i t y  s u r f a c e  l a y e r  o v e r l y i n g  a  u n i f o r m  
v i s c o s i t y  mant le  reproduces t h e  observed admit tance and can account f o r  70% of 
t h e  v a r i a n c e  i n  t h e  d e g r e e  3 t o  1 8  geo id .  I n  F i g u r e  1, w e  compare  Venus's 
observed geoid w i t h  t h e  geoid p r e d i c t e d  by t h i s  model. A s i m i l a r  v i s c o s i t y  
p r o f i l e  c a n  a l s o  match  t h e  o b s e r v e d  a d m i t t a n c e  i n  t h e  c h e m i c a l l y  l a y e r e d  
mantle model, provided t h a t  t h e  upper and lower  mant le  convection c e l l s  a r e  
t h e r m a l l y  coup led .  On t h e  o t h e r  hand, models  w i t h  a  c h e m i c a l l y  s t r a t i f i e d  
c r u s t  r e q u i r e  a  s t r o n g  i n c r e a s e  i n  v i s c o s i t y  w i t h  depth  i n  o r d e r  t o  reproduce 
t h e  o b s e r v e d  a d m i t t a n c e .  I t  may b e  p o s s i b l e  t o  d i s t i n g u i s h  b e t w e e n  t h e s e  
models  by c o m p a r i n g  t h e i r  p r e d i c t e d  l i t h o s p h e r i c  s t r e s s e s  w i t h  o b s e r v e d  
t e c t o n i c  fea tu res (6) .  Based on t h e  d i s t r i b u t i o n  of highlands,  our p re l iminary  
o p i n i o n  i s  t h a t  t h e  w h o l e  m a n t l e  c o n v e c t i o n  model  i s  p r e f e r a b l e ,  w i t h  t h e  
highlands  occur r ing  over mant le  upwellings.  

On Earth,  t h e  e f f e c t i v e  v i s c o s i t y  deduced from geoid modeling i n c r e a s e s  
by a  f a c t o r  of a b o u t  300 f rom t h e  a s t h e n o s p h e r e  t o  t h e  l o w e r  mant le (71 ,  
w h e r e a s  on Venus t h e  m a n t l e  v i s c o s i t y  may b e  a p p r o x i m a t e l y  c o n s t a n t  w i t h  
depth. Venus may l a c k  an as thenosphere  i f  i t  is on average c o o l e r  than Ear th  
and hence s u b s t a n t i a l l y  below t h e  s o l i d u s  i n  t h e  upper mantle. A l t e r n a t i v e l y ,  
t h e  v i s c o s i t y  e s t i m a t e s  f o r  bo th  p l a n e t s  may be biased by n e g l e c t  of l a t e r a l  
v i s c o s i t y  v a r i a t i o n s .  When compared w i t h  t h e  l a t e r a l l y  a v e r a g e d  r a d i a l  
v i s c o s i t y  p r o f i l e  d e t e r m i n e d  f rom g e o i d  mode l ing ,  t h e  p r e s e n c e  o f  h o t ,  low 
v i s c o s i t y  p lumes  c a u s e s  an  u n d e r e s t i m a t e  of t h e  i n c r e a s e  i n  v i s c o s i t y  w i t h  
d e p t h ,  w h i l e  h i g h  v i s c o s i t y  s u b d u c t e d  s l a b s  c a u s e  an  o v e r e s t i m a t e  of t h e  
i n c r e a s e  i n  v i s c o s i t y  w i t h  depth (8). Thus, t h e  d i f f e r e n t  e f f e c t i v e  v i s c o s i t y  
p r o f i l e s  f o r  Venus and E a r t h  may r e f l e c t  t h e i r  c o n v e c t i v e  s t y l e s ,  w i t h  
tec tonism and mant le  h e a t  t r a n s p o r t  dominated by h o t  plumes on Venus and by 
s u b d u c t e d  s l a b s  on E a r t h .  C o n v e c t i o n  a t  d e g r e e  2 a p p e a r s  much s t r o n g e r  on 
E a r t h  t h a n  on Venus. A d e g r e e  2 c o n v e c t i o n  s t r u c t u r e  may b e  u n s t a b l e  on 
Venus b u t  may h a v e  been  s t a b i l i z e d  on E a r t h  by t h e  s h i e l d i n g  e f f e c t s  o f  t h e  
Pangean s u p e r c o n t i n e n t a l  assemblage. 
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( 0) Obsemed Geoid: degree 2- 18 

( b) Predicted Geoid: degree 2-18 

(Figure reprinted courtesy of 

American ~eophysical  Union. ) 

F i g u r e  1. Comparison o f  Venusls  o b s e r v e d  and d y n a m i c a l l y  p r e d i c t e d  g e o i d s .  
Fig .  l a  i s  t h e  o b s e r v e d  g e o i d  a t  d e g r e e s  a t  d e g r e e s  2-18 and Fig .  l b  i s  t h e  
dynamically p r e d i c t e d  geoid f o r  whole mantle convection i n  a uniform v i s o s i t y  
m a n t l e  w h i c h  i s  o v e r l a i n  by a h i g h  v i s c o s i t y  s u r f a c e  l a y e r .  C y l i n d r i c a l  
e q u i d i s t a n t  p ro jec t ion .  The contour  i n t e r v a l  i s  20 m; lows a r e  shaded. From 
K i e f e r  e t  al. .  Geophys. R e s .  L e t t . ,  i n  p r e s s  1986. 
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