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One of t h e  g r e a t  s u r p r i s e s  of t he  P ioneer  Venus miss ion  was t h e  h igh  de- 
g r e e  of c o r r e l a t i o n  between topography and g r a v i t y  found a t  a l l  wavelengths 
(1).  This  i m p l i e s  a  c l o s e  r e l a t i o n s h i p  between topography and l a t e r a l  d e n s i t y  
a n o m l i e s ,  such a s  pa s s ive  o r  dynamic compensation ( 2 ) ,  and i n d i c a t e s  t h a t  
sou rce s  a t  g r e a t  dep th  do not  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  g r a v i t y  f i e l d  
( 3 ) -  

I f  a l l  d e n s i t y  anomalies  a r e  a s s i g n e d  t o  t he  l i t h o s p h e r e  and l a t e r a l  
movements (such a s  p l a t e  t e c t o n i c s )  a r e  exc luded ,  g l o b a l  s t r e s s  t r a j e c t o r i e s  
c a n  be computed f o r  v a r i o u s  modes of topographic  suppor t .  These s t r e s s  t r a -  
j e c t o r i e s  can then  be compared wi th  observed t e c t o n i c  f e a t u r e s  i n  o r d e r  t o  
c o n s t r a i n  models of t h e  p l a n e t  's i n t e r i o r  ( 4 ) .  

Assuming a  S l e e p - P h i l l i p s  ( 5 )  type  compensation model w i th  a  v a r i a b l e  
c r u s t a l  t h i c k n e s s  and a  v a r i a b l e  mantle  d e n s i t y ,  we have used t h i c k  s h e l l  ( 4 )  
and t h i n  s h e l l  (6,7) t heo ry  t o  i n v e s t i g a t e  t h r e e  "end-member" ca se s :  1) load-  
i n g  by t opog raph ic  c o n s t r u c t i o n ,  r e s u l t i n g  i n  a  downward d e f l e c t i o n  of t h e  
s u r f a c e  (no mant le  s u p p o r t ) ;  2) pure i s o s t a t i c  suppor t  of a c o n s t r u c t i o n a l  
l o a d  (no s u r f  a c e  d e f l e c t  i o n )  ; 3) topography due e n t i r e l y  t o  upward d e f l e c t  i o n  
of t h e  s u r f a c e  suppor t ed  by a  low-densi ty  upper mantle (no s u r f a c e  l oad ) .  A l l  
models were r e q u i r e d  t o  s imu l t aneous ly  s a t i s f y  t he  observed Venusian topogra-  
phy (8) and g r a v i t y  ( 9 )  th rough harmonic degree and o r d e r  7. 

The s t r e s s  p a t t e r n s  gene ra t ed  f o r  t h e s e  t h r e e  c a s e s  a r e  markedly d i f f e r -  
e n t ,  and should  provide  some c l e a r  d i a g n o s t i c  i n fo rma t ion  on t ypes  of suppor t  
when coupled  w i t h  t e c t o n i c  obse rva t i ons .  Unfo r tuna t e ly ,  g l o b a l  r e s o l u t i o n  a t  
p r e sen t  is no t  s u f f i c i e n t  t o  c l e a r l y  d e l i n e a t e  f a u l t  systems. Higher r e s o l u -  
t i o n  images a r e  a v a i l a b l e  f o r  c e r t a i n  sma l l  r e g i o n s ,  but  w i thou t  a  b roader  
sample, i t  i s  d i f f i c u l t  t o  judge t he  magnitude of l o c a l  e f f e c t s .  What obser -  
v a t i o n s  a r e  a v a i l a b l e  t e n t a t i v e l y  sugges t  t h a t  Venus f a l l s  somewhere between 
c a s e  2  and c a s e  3, implying some degree  of dynamic o r  thermal  s u p p o r t  
1 0 , l l )  Our models imply ex t remely  t h i c k  c r u s t  and dense l i t h o s p h e r e  f o r  
I s h t a r  Ter ra  and Ovda Regio (wes t e rn  Aphrod i t e ) ,  s l i g h t l y  t h i n n e r  c r u s t  and 
bouyant l i t h o s p h e r e  f o r  Tethus Regio and r eg ions  nea r  Sappho and Apha Regio, 
and s l i g h t l y  t h i ckened  c r u s t  wi th  a  bouyant l i t h o s p h e r e  f o r  Beta Regio and 
A l t a  Regio ( e a s t e r n  Aphrodi te ) .  This  l a t t e r  f i n d i n g  i s  c o n s i s t e n t  w i th  t h e  
i n t e r p r e t a t i o n  of l i g h t n i n g  b u r s t s  (12)  being a s s o c i a t e d  wi th  a c t i v e  volcan-  
i s m .  The most l i k e l y  r eg ions  of a c t i v e  volcanism i n c l u d e  t h o s e  where l i g h t -  
n ing  d i s c h a r g e s  were observed ,  t h a t  i s ,  Beta and c e n t r a l  and e a s t e r n  Aphro- 
d i t e .  Western Aphrodi te ,  a l though e l e v a t e d ,  appears  t o  have a  t h i c k e r  c r u s t  
and h ighe r  d e n s i t y  ( c o l d e r )  mantle .  I s h t a r  Ter ra  i s  a p p a r e n t l y  a  r eg ion  of 
t h i c k e r  c r u s t  and h i g h e r  d e n s i t y  m n t l e  t h a t  would no t  be a  l i k e l y  s i t e  of 
r e c e n t  vo lcan ism under our  i n t e r p r e t a t i o n  of t he se  models. 

Venus topography appea r s  t o  be suppor ted  by a  combinat ion of i s o s t a t i c  
and dynamic mechanisms. S ince  t h e s e  l e a d  t o  d i f f e r e n t  r e g i o n a l  s t r e s s  sys-  
tems, we can  u se  o b s e r v a t i o n s  from Earth-based,  Venera 15/16 and Venus Radar 
Mapper t o  c o n s t r a i n  t h e  models f o r  d i f f e r e n t  reg ions .  Simple i s o s t a t i c  sup- 
p o r t  ( c a s e  2 )  of Aphrodi te  would imply s t r e s s e s  t h a t  f a v o r  a  system of e a s t -  
west t r e n d i n  graben  a c r o s s  t he  e n t i r e  region.  U p l i f t  ( c a se  3)  would provide  
a  n e a r l y  o r t f o g o n a l  r e g i o n a l  s t r e s s  system. 
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