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The P ioneer -Venus  a l t i m e t r y  expe r imen t  has  r e t u r n e d  d a t a  t h a t  
unequ i voca l  l y  demon s t r a t e s  t h a t  t h e  h y p s o m e t r i c  c u r v e  f o r  Venus i s  d i f f e r e n t  
f rom t h e  c u r v e s  f o r  E a r t h ,  t h e  Moon, o r  Mars (1). The d a t a  have a l s o  been 
used t o  g e n e r a t e  g r a y - s c a l e ,  c o l o r - c o d e d ,  and shaded r e 1  i e f  maps o f  Venusian 
t o p o g r a p h y  t h a t  g r a p h i c a l l y  i l l u s t r a t e  t h e  d i s t r i b u t i o n  o f  m a j o r  t o p o q r a p h i c  
f e a t u r e s  (1). The q u e s t i o n  a r i s e s  as t o  what  s c a l e  o f  q e o l o q i c  f e a t u r e s  can 
be d i s c e r n e d  i n  t h e  maps, g i v e n  t h a t  t h e  t y p i c a l  a rea  sampled f o r  a  s i n q l e  
a l t i m e t r y  measurement i s  abou t  100  km ( 2 1 .  I have used two  approaches i n  an 
a t t e m p t  t o  e x p l o r e  answers t o  t h i s  q u e s t i o n .  The f i r s t  approach was t o  
n u m e r i c a l l y  s i m u l a t e  what  t h e  measured w i d t h  and a m p l i t u d e  o f  v a r i o u s  
f e a t u r e s  wou ld  be i f  t h e y  were sampled b y  t h s  PV a l t i m e t e r  ( F i g u r e  1 ) .  The 
second approach  was t o  r e - samp le  t h e  NOAA d i g i t a l  bath.ymetr,y d a t a  base f o r  
t h e  N o r t h e r n  P a c i f i c  Ocean f l o o r  i n  a  manner t h a t  p roduces ,  t o  a  f i r s t  
a p p r o x i m a t i o n ,  a  g r a y - s c a l e  image w i t h  t h e  same l a t e r a l  r e s o l u t i o n  as t h s  PV 
map ( F i g u r e  2 ) .  

The s t r a i g h t  l i n e  i n  F i g u r e  1 i s  meant t o  i n d i c a t e  t h e  t r u e  w a v ~ l ~ n q t h  
and a m p l i t u d e  o f  a  g i v e n  f e a t u r e  and t h e  c u r v e d  l i n e  i s  t h e  l o c u s  o f  p o i n t s  
d e f i n i n g  t h e  appa ren t  wave leng th  and a m p l i t u d e  o f  f e a t u r e s  a f t e r  b e i n q  
sampled b y  t h e  PV a1 t i m e t e r .  B a s i c a l l y ,  f e a t u r e s  w i t h  w a v ~ l ~ n q t h s  smal l e r  
than a c o u p l e  hundred  k i l o m e t e r s  wou ld  appear  t o  have l o w e r  a m p l i t u d e s  and 
l o n q e r  wave leng ths  bec3use o f  under-sampl  i n q  ( s p a t i a l  a1 i a s i n q ) .  Tho 
vo l canoes ,  o c e a n i c  t r e n c h e s ,  o c e a n i c  r i s e s ,  and d raas  ( l o n q  wave lenq th  dunes)  
a r e  p l o t t e d  a t  t h e i r  t r u e  wave leng ths  and a m p l i t u d e s .  C l e a r l y ,  t h e  d r a a s  
wou ld  n o t  show-up i n  PV d a t a ,  t h e  s m a l l e r  vo l canoes  wou ld  be b a d l y  
undersampled,  a l o n g  w i t h  t h e  s m a l l e r  t r e n c h e s .  Oceanic  r i s e s ,  because o f  
t h e i r  l o n q  wave leng th  wou ld  be  r ep roduced  f a i r l y  i n t a c t .  However, such 
r e s u l t s  a r e  somewhat o p t i m i s t i c ,  s i n c e  t h e  two  d i m e n s i o n a l  f i l t e r i n q  
( s m o o t h i n q )  o p e r a t i o n  used t o  g e n e r a t e  t h e  PV-maps has n o t  been t a k e n  i n t o  
accoun t .  A l so ,  because o f  i s o s t a t i c  r e a d j u s t m e n t s ,  t r u e  r e l i e f  ( and  t h u s  
dppa ren t  r e 1  i e f )  wou ld  be more subdued i f  t h e  t r e n c h e s  and r i s e s  were 
t r a n s p o r t e d  t o  Venus w i t h o u t  ocean w a t e r  c o v e r i n g  them! 

F i g u r e  2 shows t h e  PV g r a y - s c a l e  map t o q e t h e r  w i t h  a  map o f  t h e  N o r t h e m  
P a c i f i c  Ocean f l o o r .  B o t h  maps a r e  a t  t h e  same s c a l e  and have  a p p r o x i m a t p l y  
t h e  same l a t e r a l  r e s o l u t i o n .  The v e r t i c a l  r e s o l u t i o n  f o r  t h e  P a c i f i c  i s  
d i f f i c u l t  t o  e s t i m a t e ,  b u t  i t  i s  p r o b a b l y  a  f a c t o r  o f  t h r e e  b e t t e r  t h a n  t h e  
v e r t i c a l  r e s o l u t i o n  f o r  mos t  o f  t h e  PV d a t a .  The i m p o r t a n t  p o i n t  i s  t h a t  t h e  
P a c i f i c  map s t i l l  shows a l l  t h e  m a j o r  v o l c a n o - t e c t o n i c  f e a t u r e s ,  i n c l u d i n q  
t h e  E a s t - P a c i f i c  R i se ,  t h e  m a j o r  f r a c t u r e s  i n  t h e  E a s t e r n  P a c i f i c ,  t h e  
c i r c u m - P a c i f i c  t r e n c h  system, t h e  Hawa i ian  i s l a n d s ,  t h e  Emperor seamount 
c h a i n ,  and t h e  Hawai i an s w e l l  . The Ma r i anas  t r e n c h  sys tem ill u s t r a t e s  t h o  
e f f e c t s  o f  unde rsamp l i nq  i n  t h a t  t h e  d e p t h  i s  r educed  b y  a f a c t o r  o f  two  
r e l a t i v e  t o  i t s  t r u e  d e p t h .  The s m a l l e r  wave leng th  f e a t u r e s  o f  t h e  P a c i f i c  
a r e  m i s s i n g  - t h e  abyssa l  h i l l s  and t h e  u b i q u i t o u s  s m a l l e r  seamounts. J t  
appears  t h a t  t h e  PV map o f  Venus l a c k s  t h e  s y s t e m a t i c  p l a t e  t e c t o n i c  
s i g n a t u r e  e v i d e n t  i n  t h e  P a c i f i c  d a t a .  However, a  n o t e  o f  c a u t i o n  needs  t o  
be r a i s e d  s i n c e  t h e  o c e a n i c  r i s e s  a r e  s u b t l e  f e a t u r e s  w i t h  a m p l i t u d e s  t h a t  
c o u l d  e a s i l y  be  h i dden  i n  t h e  s w e l l s  o f  t h e  r o l l i n g  p l a i n s  t e r r a i n  on Venus. 
A l so ,  many t e r r e s t r i a l  t r e n c h  systems wou ld  be  p o o r l y  r e p r e s e n t e d  i n  t h e  PV 
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data  because o f  undersampling. 
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PV SAMPLING EFFECTS I 

LENGTH OF FEATURE, KM 

FIGURE 1 - The e f f e c t s  o f  t h e  PV a l t i m e t e r  100 km f o o t p r i n t  s i z e  and 
approx imate ly  80 km sampling i n t e r v a l  ( 3 )  are demonstrated i n  t h i s  p l o t  b y  
t h e  s t r a i g h t  l i n e  and t h e  curved l i n e .  The t h i n  l i n e s  connect ing t h e  s t r a i q h t  
and curved l i n e s  show how t h e  t r u e  wavelength and ampl i tude o f  a f e a t u r e  
would appear a f t e r  be ing sampled by t h e  PV a l t i m e t e r .  Note t h e  dramat ic 
undersampling e f f e c t s  as t h e  100 km wavelength i s  approached. The geo loq ic  
fea tu res  are shown a t  t r u e  wavelengths and ampl i tudes.  Volcano data  f rom ( 4 1 .  
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F IGURE 2 - Merca to r  map o f  t h e  topography  o f  Venus, d e r i v e d  f r o m  
Pioneer-Venus a l t i m e t r y  d a t a  b y  (I.). The d a t a  a r e  coded such t h a t  h i q h  a reas  
a re  b r i g h t  and l o w  areas a r e  d a r k .  Maxwel l  and I s h t a r  a r e  t h e  h i g h  areas i n  
t h e  m idd le ,  t o p  o f  t h e  frame. The P a c i f i c  topography  i s  s h o w  i n  t h e  l o w e r  
l e f t  a t  t h e  same s c a l e  as t h e  Venus d a t a .  The P a c i f i c  d a t a  were processed i n  
t h e  same manner as t h e  PV d a t a .  

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


