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G r a v i t y  and topography p r o v i d e  impor tan t  c o n s t r a i n t r  on t h e  t e c t o n i c s  and i n t e r n a l  s t r u c t u r e  of  a  p l a n e t a r y  body. 
Recently d e r i v e d  s p h e r i c a l  harmonic models  o f  Venuaian topography ( B i l l b  and Kobr ick ,  1984) and g r a v i t y  ( B i l l .  e t  a l . ,  
1 9 8 t )  r e v e a l  a  number of i n t e r e s t i n g  f e a t u r e s .  The v a r i a n c e  s p e c t r a  a r e  g e n e r a l l y  s i m i l a r  t o  t h o s e  p r e v i o u s l y  found 
f o r  t h e  E a r t h .  Mars and &on ( B i l l s .  1979) i n  t h a t  t h e r e  l a  a  r a p i d  d e c r e a s e  w i t h  i n c r e a s i n g  harmonic degree :  

~ ( 3 ; n )  - ~ ( n - ' )  V(C;n) - ~ ( n - ~ ) .  

However, Venus most c l o s e l y  resembles  t h e  E a r t h ,  b o t h  i n  t e r m s  of a  s i g n i f i c a n t  low d e g r e e  d e f i c i t  ( r e l a t i v e  t o  t h e  
e x t r a p o l a t e d  t r e n d  of  t h e  h i g h e r  d e g r e e  t e r m s ) ,  and a  m a l l  t o p o g r a p h v l g r a v i t y  s p e c t r a l  r a t i o .  Venus d i f f e r s  from t h e  
E a r t h ,  though ,  i n  t h a t  i t  e x h i b i t s  a  s i g n i f i c a n t  c o r r e l a t i o n  between long  wavelength topography and g r a v i t y  ( f i g u r e  1 ) .  

B i l l s  and Kobrick (198b) have r e c e n t l y  a rgued  t h a t  t h e  b a s i c  s p e c t r a l  s i m i l a r i t y  o f  t h e  topography of  the80  f o u r .  
r a t h e r  d i v e r s e ,  bod ies  s imply r e f l e c t s  t h e  f a c t  t h a t ,  i n  e a c h  c a s e  t h e  obse rved  topography r e s u l t .  from a  a t a t i s t i c a l  
b a l a n c e  be tveen  " c o n s t r u c t i o n a l "  p r o c e s s e s ,  which roughen t h e  s u r f a c e  more o r  l e s s  un i fo rmly  a t  a 1 1  wave leng tha ,  and 
" d e g r a d a t i o n a l "  p r o c e s s e s ,  among which "e ros ion"  s e l e c t i v e l y  a t t e n u a t e .  s h o r t  uave leng th  f e a t u r e s ,  and v i s c o u s  r e l a x -  
a t i o n  p r e f e r e n t i a l l y  a t t e n u a t e s  t h e  long  wsve leng tha .  With r e a s o n a b l c  m a t e r i a l  p r o p e r t i e s  and p r o c e s s  r a t e s ,  t h i a  
model s a t i s f a c t o t i l y  e x p l a i n s  t h e  obse rved  l o v  d e g r e e  s p e c t r a l  d e f i c i t  on t h e  l a r g e ,  d e n s e  b o d i e s  ( k r t h .  Venua) and 
t h e  e s s e n t i a l l y  monotonic s p e c t r a  on s m a l l ,  low d e n s i t y  b o d i e a  (Mars. Moon). 

Exp lana t ion  o f  t h e  g r a v i t a t i o n a l  s p e c t r a  i e  somewhat more complex, i n  t h a t  they  r e f l e c t  b o t h  a  "coheren t"  
cumponent, due t o  topography p l u s  any compensat ing mass. and a n  " incoheren t  c o n t r i b u t i o n  from t h o s e  i n t e r n a l  d e n s i t y  
v a r i a t i o n s  wich do no t  c o r r e l a t e  w i t h  topography .  I f  we aasume t h a t  t h e  compensat ion mechanism i n  l i n e a r ,  t h e  
r e l a t i o n s h i p  between harmonic c o e f f i c i e n t s  o f  g r a v i t y  (Gm) and topography (H ) can  be  expreased  a s  nm 

cm - On Hm + In. 

where 0 is a  s p e c t r a l  a d m i t t a n c e ,  whose v a l u e  w i l l  depend on  d e t a i l s  o f  t h e  compensat ion mechanism (Doman and Levis 
1970.  aha e t  81.. 1977) .  and I is t h e  i s o s t a t i c  anomaly. F i g u r e  2  c m p e r e a  t h e  r m p i r i c n l l y  de te rmined  a d m i t t a n c e  
w i t h  t h e o r e t i c a l  v a l u e s  f o r  a  l o s l  Airy type  compensat ion model. I n  t h a t  c a s e  we have 

3  T 
*n - ( 1  - c n + 5  

where I l a  t h e  d e n s i t y  o f  s u r f a c e  m a t e r i a l  and 5 is t h e  mean r a d i u s  of  t h e  c o p p e n s a t l n )  d e n s i t y  a n o u l i a a  (normbl iz r  
by mean p l a n e t a r y  d e n s i t y  and r a d i u s ,  r e s p e c t i v e l y ) .  The m a l l  admi t t ance  f o r  d e g r e e  11-10 is due p r i n c i p a l l y  t o  
a l i a s i n g  e r r o r s  i n  t h e  g r a v i t y  model. With t h a t  one  e x c e p t i o n ,  t h e  obse rved  a d m i t t a n c e  v a l u e a  a r e  a 1 1  r u m n a b l y  
c o n a i a t e n t  w i t h  a  g l o b a l l y  a v e r a g e d ,  e f f e c t i v e  d e p t h  of  compensat ion of  160  t 20 ka. The e f f e c t  of  a n  e l a s t i c  l i t h o -  
s p h e r e  i n  producing r e g i o n a l ,  r a t h e r  t h a n  l o c a l ,  compensa t ion  is d i f f i c u l t  t o  d i s c e r n  a t  t h e  wavelengtha p r e a e n t  i n  
t h e s e  harmonic models .  We c a n  o n l y  p l a c e  a  rough upper bound of  100 km on t h e  e f f e c t i v e  e l a s t i c  t h i c k n e a a  o f  t h e  
l i t h o s p h e r e  (Reasenberg and B i l l s .  1983).  

D e s p i t e  t h e  i m p r e s s i v e  c o r r e l a t i o n  between topography and g r a v i t y ,  t h e  i s o s t a t i c  anomaly a c c o u n t s  f o r  f o l l y  49% 
of t h e  v a r i a n c e  i n  t h e  obse rved  g r a v i t y  f i e l d .  An i s o s t a t i c  anomaly map reveal .  f a i r l y  s i g n i f i c a n t  r e g i o n a l  
d e p a r t u r e s  from t h e  g l o b a l  a v e r a g e  compensat ion mechanism. In  p a r t i c u l a r ,  t h e r e  a r e  p o s i t i v e  i a o a t a t i c  a n o u l i r s  
a s s o c i a t e d  w i t h  t h e  e l e v a t e d  t e r r a i n s  of  Be ta ,  A t l a ,  T h e t i s  and Te thus  r e g i o n e s .  t h e r e  is no a p p r e c i a b l e  a n o u l y  a t  a11  
o v e r  most of  I s h t a r  t e r r a ,  and n e g a t i v e  anomal ies  a r e  a s s o c i a t e d  w i t h  b o t h  t h e  lw l y i n g  Helen and Aino p l m i t i a  and 
v i t h  t h e  h i g h l a n d s  of  Ovda r e g i o .  These p o s i t i v e  and n e g a t i v e  a n m e l i e s  r e s p e c t i v e l y  imply compensation a t  d e p t h s  
g r e a t e r  than  and l e s s  t h a n  t h e  g l o b a l  average .  Another  i n t e r e s t i n g  a a p e c t  of  t h e  i s o s t a t i c  a n o ~ l y  d i a t r i b u t i o n  i m  i t s  
extreme a n i a o t r o p y .  The most pronounced r e g i o n s  of  p o s i t i v e  a n o r a l y  a r e  a r r a y e d  i n  l i n e a r  bands a t  lw i n c l i n a t i o n  t o  
t h e  e q u a t o r .  Though a  s i m i l a r  tendency is e v i d e n t  i n  t h e  topography and f r e e - a i r  g r a v i t y ,  i t  i e  much more obvioua i n  
t h e  i s o s t a t i c  anomaly. I t  is  tempt ing  t o  s p e c u l a t e  t h a t  t h i s  p a t t e r n  is  r e l a t e d  t o  d e s p i n n i n g  from a  p a a t ,  w r e  r a p i d  
r o t a t i o n  (Melosh. 1977) .  

The second d e g r e e  g r a v i t y  harmonics a l s o  p r o v i d e  v a l u a b l e  new i n s i g h t s  i n t o  Venus' p r e s e n t  r o t a t i o n a l  a t a t e ,  v i a  
the  i n e r t i a  t e n s o r .  That Venus is dynamica l ly  t r i a x i a l  is  m a n i f e s t  by t h e  r a t i o  (C-B)/(B-A) - 1.2,  where A B  C a r e  th .  
p r i n c i p a l  momenta. The o r i e n t a t i o n  of t h e  p r i n c i p a l  a x e s  is  

A: -1.067 tO.Dl9 N 6.026 $0037  E  
B: - 2 P 0 2 t 0 0 3 0  N 9603220037  E  
C: 87.038 20026  N 56065 $5009  E  

The s i g n i f i c a n t  d e p a r t u r e  (13') of  t h e  a x i s  of g r e a t e s t  i n e r t i a  from t h e  r o t a t i o n  a x i s  is a p p a r e n t l y  un ique  among t h e  
p l a n e t s .  However, t h e  ex t remely  slow r o t a t i o n  of Venus makes t h i s  l a r g e  ampl i tude  wobble e n e r g e t i c a l l y  comparable t o  
t h e  0 .3  a rcsecond  Chandler  wobble of  t h e  E a r t h  (Yoder and Ward. 1979) .  
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CORRELATION COEFFICIENT: GRAVITY VERSUS TOPOGRAPHY 
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Figure 1. Correlation coefficients for gravity versus topography are compared for Venus (solid 
line) and Earth (dashed line). Also s h o m  are 95% confidence limits for these coefficicots 
(dotted lines). 
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Figure 2 .  Empirical gravity/topography spectral admittance for Venus ia compared to theoretical 
values for the case of local (Airy) isostatic compensat on at various mean depths (d). The 4 density of surface material is assumed to be 2.70 g cm- . 
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