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I n t r o d u c t i o n  
There are t h r e e  main h igh land  areas on Venus: Beta Regio, I s h t a r  Terra and 

Aphrodi te  Ter ra  (1 ) .  Aphrodi te  Ter ra  i s  t h e  l e a s t  known and t h e  l e a s t  mapped o f  these 
th ree  areas, y e t  e x i s t i n g  analyses of Aphrodi te  Ter ra  based on a v a i l a b l e  Pioneer-Venus 
o r b i t e r  data ( 1 )  suggest t h a t  i t  may be t h e  s i t e  o f  ex tens ive  r i f t i n g  (2,  3) .  Some o f  
t h e  h i g h e s t  r e s o l u t i o n  (30 km) PV da ta  (SAR) i n c l u d e d  most of t h e  western h a l f  o f  
Aphrodite Terra.  Recent analyses o f  t h e  SAR da ta  t o g e t h e r  w i t h  Arecibo range-doppler 
topographic  p r o f i l i n g  (10 x  100 km h o r i z o n t a l  and 10 m v e r t i c a l  r e s o l u t i o n )  across p a r t s  
of Aphrodi te  ( 4 ) ,  f u r t h e r  charac te r i zed  t h e  n a t u r e  of p o s s i b l e  t e c t o n i c  processes i n  t h e  
e q u a t o r i a l  h igh lands.  The r e s u l t s  o f  t h a t  s tudy ( 4 )  i n d i c a t e d  the  ex is tence o f  d i s t i n c t  
topographic  and radar  morphologic l i n e a r  d i s c o n t i n u i t i e s  across t h e  n e a r l y  east-west 
s t r i k e  o f  Aphrodi te  Terra.  Another prominent s e t  o f  l i n e a r  fea tu res  i s  d i s t i n c t l y  par -  
a l l e l  t o  and or thogonal  t o  t h e  ground t r a c k s  o f  t h e  PV spacecraf t  and a re  n o t  inc luded  
because o f  t h e  p o s s i b i l i t y  t h a t  they  are a r t i f a c t s .  Study of t h e  nor thwest  t r e n d i n g  
c r o s s - s t r i k e  d i s c o n t i n u i t i e s  (CSD's) and t h e  na tu re  o f  topographic  and morphologic 
features.  a long t h e i r  s t r i k e  suggest t h e  presence o f  b i l a t e r a l  topographic  and morphologi c 
symnetry about t h e  long  a x i s  o f  Aphrodi te  Terra.  

Data Ana lys is  
Data cover ing  t h e  Aphrodi te  reg ion  are l i m i t e d  and i n c l u d e  PV a l t i m e t r y ,  PV imagery 

(SAR) and Arec i  bo a1 t i m e t r i c  p r o f i  l i n g .  Venera 15/16 coverage i s  a l l  above approx imate ly  
30 degrees n o r t h  (5) ,  whereas most o f  t h e  fea tu res  discussed here l i e  w i t h i n  30 degrees 
o f  t h e  equator .  Arec ibo h i g h - r e s o l u t i o n  imaging ( 6 )  covers t h e  hemisphere an t ipoda l  t o  
Aphrodite and o n l y  Arec ibo a l t i m e t r y  has been ob ta ined  o f  Aphrodi te .  

I n  o rder  t o  f u r t h e r  understand the  n a t u r e  o f  t h e  CSD's i d e n t i f i e d  e a r l i e r  (4 ) ,  t h e  
PV topographic  and PV radar  image c h a r a c t e r i s t i c s  o f  CSD's were examined a long t h e i r  
s t r i k e  and compared t o  t h e  e x i s t i n g  h i g h - r e s o l u t i o n  Arecibo a l t i m e t r i c  p r o f i l e s  which 
cross t h e  s t r i k e  o f  t h e  CSD's. Seven o f  t h e  most d i s t i n c t  CSD's were chosen showing 
s t rong  l i n e a r  topographic  s igna tu res  i n  PV topography and steep radar  backsca t te r  g rad ien ts  
i n  SAR images. These CSO's are l o c a t e d  i n  F i  u r e  1 on a PV-based topographic  contour  map 
o f  western Aphrodi te .  As noted p r e v i o u s l y  (47 CSD's mark d i s t i n c t  t r a n s i t i o n s  of d iscon-  
t i n u i t i e s  i n  the  l a r g e  (thousands o f  k i l omete rs )  and in te rmed ia te  (hunareds o f  k i l o m e t e r s )  
scale s t r u c t u r e  o f  Aphrodi te  Ter ra  i n c l u d i n g  d i s t i n c t  l i n e a r  r i g h t  o f f s e t s  i n  reg iona l  
morphologic boundaries of t h e  p l a t e a u - l i k e  h igh lands respons ib le  f o r  t h e  segmented shape 
o f  Aphrodi t e .  

Examination o f  t h e  topographic  p r o f i l e s  across Aphrodi te  Terra,  ad jacent  and p a r a l l e l  
t o  t h e  CSD's ( F i g .  2),  i l l u s t r a t e s  t h a t  the  general charac te r  o f  topography across the  
highlands p a r a l l e l  t o  t h e  CSD's d i f f e r s  s i g n i f i c a n t l y  f rom t h a t  seen i n  p r o f i l e s  along the  
s t r i k e  o f  t h e  h igh lands and across t h e  s t r i k e  o f  t h e  CSD's. When examined p a r a l l e l  t o  the  
CSD t rends ,  t h e  dominant c h a r a c t e r i s t i c  o f  topography i s  a  s t r o n g  b i  1  a t e r a l  symmetry 
(F ig .  2a-d) which i s  n o t  apparent i n  topographic  p r o f i l e s  a long o t h e r  d i r e c t i o n s ,  i n c l u d i n g  
those p r o f i l e s  d i f f e r i n g  on ly  s l i g h t l y  from t h e  dominant CSD o r i e n t a t i o n  (F ig .  2e).  I n  
a d d i t i o n  t o  a broad symmetr ical be1 1-shaped curva tu re  o r  convex i t y  o f  t h e  highlands ana 
the  surrounding lowlands, t h e r e  i s  a l s o  a f i n e r - s c a l e d  symmetry i n  which peaks and troughs 
on one f l a n k  have s i m i l a r  o r  conjugate fea tu res  on t h e  opposi te  f l a n k .  Conjugate topo- 
graphic  fea tu res  occur  a t  t h e  same d is tance  from the  cen te r  o f  reg iona l  be l l -shaped sym- 
metry. 

Axes of symmetry d e f i n e d  by many adjacent  p r o f i l e s  p a r a l l e l  t o  and between adjacent  
CSD's g e n e r a l l y  f a l l  a long l i n e s  s t r i k i n g  about N70E; t h i s  i s  approx imate ly  p a r a l l e l  t o  
the  r i d g e  and v a l l e y  s t r u c t u r e  o f  Ovda Regio. The centers o f  symmetry o f  two adjacent 
p r o f i l e s  const ructed p a r a l l e l  t o  and separated by a prominent CSD genera l l y  do n o t  a l i g r  
on s i n g l e  l i n e s  as do those between two prominent CSD's. The axes o f  symmetry so def ined 
have d i s t i n c t  r i g h t  l a t e r a l  o f f s e t s  and are a t  l e a s t  p a r t l y  respons ib le  f o r  t h e  large-scale 
segmented appearance o f  Aphrodi te  Terra.  

I n  a d d i t i o n  t o  t h e  b i l a t e r a l  symnetry v i s i b l e  i n  topographic  p r o f i  l es ,  conjugate 
landforms are v i s i b l e  on PV a l t i m e t r i c  maps. A l i n e a r  r i d g e  (x-y) 3000 km NW o f  the  Ovda 
Regio a x i s  o f  symnetry, as d e f i n e d  i n  p r o f i l e s ,  i s  m i r r o r e d  i n  the  l i n e a r  r i d g e  ( x i - y ' )  
3000 km SE of Ovda Regio. A more s t r i k i n g  example o f  m i r r o r e d  o r  conjugate topography 
i s  an arcuate t rough 3500 km NW o f  T h e t i s  Regio which i s  s i m i l a r  i n  s i z e  and map shape 
t o  t h e  arcuate Artemis Chasma 3500 km SE o f  T h e t i s  Regio. The eas t  and west ex ten ts  of 
both a rcua te  troughs a re  tangent  t o  t h e  t r e n d  o f  t h e  same e a s t  and west CSO's o u t l i n i n g  
d i s t i n c t  elements o f  T h e t i s  Regio. 



Conclusions 
Cross -s t r i  ke d i s c o n t i n u i t i e s  (CSD's) i n  Aphrodi te  Ter ra  repor ted  p r e v i o u s l y  

( 4 )  def ine t h e  boundaries o f  d i s t i n c t  topographic  and morphologic o f f s e t s  of 
Aphrodi t e  Terra.  Topographic p r o f i l e s  cons t ruc ted  f rom PV a1 t i m e t r y  data para1 l e l  
t o  these CSD's show extreme b i l a t e r a l  symmetry on b o t h  r e g i o n a l  (thousands of k i l o -  
meters) and l o c a l  (hundreds o f  k i l omete rs )  scales.  The ex is tence  o f  a m i r r o r  image 
o r  conjugate o f  t h e  arcuate Artemis Chasma i l l u s t r a t e s  t h e  sca le ,  e x t e n t  and degree 
of b i l a t e r a l  symmetry across Aphrodi te  Terra.  

We f i n d  t h e  symmetric c r o s s - s t r i  ke p r o f i l e s  o f  Aphrodi t e ,  t h e  conjugate m inor  
topographic  features and t h e  o f f s e t  axes o f  topographic  symmetry t o  be b road ly  
comparable t o  t e r r e s t r i a l  oceanic thermal topography, t o p o g r a p h i c a l l y  symmetric 
c r u s t a l  spreading (7, 8 )  and t rans fo rm f a u l t s .  We conclude t h a t  these s t r u c t u r e s  
may represen t  evidence f o r  c r u s t a l  spreading on Venus. Other processes t h a t  may 
form t h e  observed b i l a t e r a l  symnetry, ev iden t  on a sca le  o f  thousands o f  k i l omete rs ,  
i nc lude :  1) d i s t r i b u t e d  r i f t i n g  across a r e g i o n a l  thermal u p l i f t ;  2) c r u s t a l  
t r a c t i o n  and f o l d i n g  over  b i l a t e r a l l y  symmetric mantle plumes; and 3 )  g loba l -sca le  
b lock r o t a t i o n  between l a t i t u d i n a l  s t r i  k e - s l i p  f a u l t s  (9, 10) .  We are p r e s e n t l y  
i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p  o f  CSD's t o  t e c t o n i c  fea tu res  i n  mid and h igh  l a t i -  
tudes, and the  east-west e x t e n t  o f  symmetry, i n  o rder  t o  c l a r i f y  which o f  these, 
o r  o t h e r  p o s s i b l e  mechanisms, a re  respons ib le  f o r  the  topographic  and morphologic 
b i l a t e r a l  symmetry across Aphrodi t e  Terra.  

References 

1. P e t t e n g i l l ,  G .  e t  a l . ,  1980, P ioneer  Venus radar  r e s u l t s :  A l t i m e t r y  and 
sur face  p r o p e r t i e s ,  J . Geophys. Res . , 85, 8261-8270. 

2. Schaber, G.G., 1982, Venus: L i m i t e d  extens ion and volcanism along zones 
o f  1 i thospher i c  weakness, Geophys. Res. L e t t . ,  9, 499-502. 

3. McGi l l ,  G. e t  a l . ,  1982, Topography, su r face  p r o p e r t i e s  and t e c t o n i c  
e v o l u t i o n ,  i n  Venus (D.M. Hunten, L. Co l in ,  T.M. Donahue and V . I .  Moroz, 
eds . ) , Uni v. o f  Arizona Press, Tucson, AZ, 690-730. 

4. Crumpler, L.S. e t  a l . ,  1986, Cross -s t r i ke  d i s c o n t i n u i t i e s  i n  western 
Aphrodi te  Terra,  Venus, Lunar P lane t .  Sc i .  Conf. X V I I ,  1029-1030. 

5. Barsukov , V.L. e t  a1 . , 1986, The geology and geomorphol ogy o f  t h e  Venus 
sur face  as revealea by t h e  radar  images obta ined by Venera 15 and 16, 
Proc. Lunar P lane t .  Sc i  . Conf. X V I  , J. Geophys. Res . , 91, D378-D398. 

6. Campbell, D.B. and Burns, B.A., 1980, Earth-based radar  imagery o f  Venus. 
J. Geophys. Res., 85, 8271-8281. 

7. Lewis, B.T.R., 1979, P e r i o d i c i t i e s  i n  volume and i n  l o n g i t u d i n a l  magma 
f l o w  on the  eas t  P a c i f i c  r i s e  a t  23 degrees N, Geophys. Res. L e t t . ,  6, 
753-756. 

8. Brozena, J.M., 1986, Temporal and s p a t i a l  v a r i a b i l i t y  o f  sea f l o o r  spreading 
process i n  t h e  nor thern  South A t l a n t i c ,  J. Geophys. Res., 91, 497-510. 

9. Garfunkel,  Z. and Ron, H., 1985, Block r o t a t i o n  and aeformat ion by s t r i k e -  
s l i p  f a u l t s ,  2, t h e  p r o p e r t i e s  o f  a t ype  o f  macroscopic d iscont inuous 
deformat j  on, J. Geophys . Res . , 90, 8589-8602. 

10. Cowan, D.S. e t  d l . ,  1986, B o o k s h e n  t e c t o n i c s  : Rotated c r u s t a l  b locks 
w i t h i n  t h e  Sovanco f r a c t u r e  zone, Geophys. Res. L e t t . ,  2, 995-998. 



Figure 1 

Fig. 1. Location of main cross-s t r ike  d i scon t inu i t i es ,  p rof i l es  
of Figure 2 ,  and axes of symmetry. 

Fig. 2 .  Altimetry p rof i l es  across Aphrodite Terra and paral le l  t o  
CSD trends.  PV raw data.  




