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Wilhelms and Squyres(1) have suggested t h a t  an e a r l y  mega-impact event  
might  e x p l a i n  t h e  fundamental c r u s t a l  dichotomy on Mars. D e t a i l e d  morpho- 
l o g i c a l  mapping o f  t h e  s t r u c t u r e s  which c h a r a c t e r i z e  t h e  boundary between 
t h e  c r a t e r e d  h igh lands  and n o r t h e r n  p l a i n s  does no t  suppor t  t h i s  idea :  t h e  
d i s t r i b u t i o n  o f  these  f e a t u r e s  a long  and e s p e c i a l l y  away f rom t h e  boundary 
i s  more c o n s i s t e n t  w i t h  a 1 a rge r  number o f  sma l l e r  b u t  over1 apping impacts. 

We have assembled a da ta  base f o r  t h e  s tudy o f  t h e  h i gh land  boundary 
th rough q u a n t i t a t i v e  mapping ( i n c l u d i n g  c r a t e r  counts)  based on t h e  1: 2 M 
c o n t r o l  1 ed photomosaics (2,3,4). blhole and p a r t i a l  c r a t e r s  1 a rge r  t han  10 
km i n  d iameter ,  knobby t e r r a i n ,  detached p la teaus  and i n t e r v e n i n g  p l a i n s -  
fo rming  u n i t s  have been i d e n t i f i e d  wherever t h e y  occur  on Mars between +65 
and -45' l a t i t u d e .  We f i n d  evidence f o r  occurrences o f  p o s s i b l y  o l d  
c r a t e r e d  t e r r a i n  ( o r  i t s  remanants) a t  h i g h  l a t i t u d e s  w e l l  n o r t h  o f  t h e  
c u r r e n t  o r  l i k e l y  former  l o c a t i o n  o f  t h e  proposed B o r e a l i s  Sas in (1 )  r i m  
which a r e  d i f f i c u l t  t o  r e c o n c i l e  w i t h  an impact s t r u c t u r e  o f  t h e  proposed 
s i z e  and l o c a t i o n .  I n  a l ow  r e s o l u t i o n  map showing t h e  f r a c t i o n a l  area(2,3) 
occupied by impact c r a t e r s ,  knobby t e r r a i n  and/or detached p l  ateaus, t h e  
ove r l ap  produced by combinat ions o f  these  f e a t u r e s  i s  obv ious a long t h e  
h i g h l  and boundary i n  eas te rn  Mars. S i g n i f i c a n t  occurrences a r e  a1 so found 
a long  t h e  western marg in  o f  blareotis-Tempe, i n  t h e  o u t f l o w  channels and 
c h a o t i c  t e r r a i n  south o f  Chryse, and i n  t h e  knobby t e r r a i n  u n i t  i n  Elysium- 
Amazonis. T h i s  l a s t  area i s  p a r t i c u l a r l y  d i f f i c u l t  t o  understand i n  terms 
of a mega-impact event, 

The Elysium-Amazonis knobby t e r r a i n  b l ock  i s  h i g h  s tand ing  and i n  many 
p laces  c o n s i s t s  o f  incomple te  l a r g e  c r a t e r  r ims  t h i n l y  covered by younger 
p l a i n s .  The u n i t  1 i e s  on t h e  more g e n t l y  s l o p i n g  eas te rn  f l a n k  o f  t h e  h i g h  
Elys ium v o l c a n i c  complex, a t  an e l e v a t i o n  o f  O t o  3 km above re fe rence (5 )  
o r  perhaps l owe r (6 ) .  Whi le t h i s  e l e v a t i o n  i s  i n  p a r t  due t o  t h e  p r o x i m i t y  
t o  Elysium, i t  i s  u n l i k e l y  t h a t  i t  would be lowered by removal o f  t h a t  
ma jo r  s t r u c t u r e  ( o f f - l o a d i n g  o f  t h e  E lys ium vo l can i c  p i l e  m igh t  even cause 
t h e  c r u s t  t o  rebound). The l a r g e  p a r t i a l  c r a t e r s  o u t l i n e d  by much o f  t h e  
knobby t e r r a i n  have a s i z e  frequency d i s t r i b u t i o n  s i m i l a r  t o  t h a t  o f  t h e  
c r a t e r e d  h igh lands  f u r t h e r  south. Schu l t z (7 )  has suggested a l a r g e  impact 
bas in  near t h e  E lys ium v o l c a n i c  cons t ruc ts .  Th i s  evidence f avo rs  t h e  
i n t e r p r e t a t i o n  t h a t  t h i s  b lock ,  which represen ts  as much as 10% o f  t h e  area 
o f  t h e  proposed B o r e a l i s  Basin, i s  a r e l i c  o f  o l d  c r a t e r e d  h igh lands  t h i n l y  
v e i l e d  by p l  a ins - fo rming  un i ts(8,g) .  The nor thermost  p o r t i o n  of t h i s  u n i t  
l i e s  near  t h e  proposed c e n t e r  o f  t h  mega-impact (50°N, 190°W); t h e  southern-  
most p o r t i o n  l i e s  o n l y  500 km f rom t h e  proposed bas in  r i m  i n  Aeol is .  

D e t a i l e d  mapping o f  1 andforms found a long  t h e  h i g h l  and boundary does 
n o t  suppor t  t h e  i dea  t h a t  t h e  no r the rn  t h i r d  o f  Mars i s  a s i n g l e  l a r g e  
impact basin.  Widely s c a t t e r e d  occurrences o f  knobby t e r r a i n  and occas- 
s i o n a l  detached p la teaus  a r e  found th roughout  t h e  h i g h  l a t i t u d e  p o r t i o n s  
o f  t h e  n o r t h e r n  low1 ands. I r r e g u l a r  d i s t r i b u t i o n  o f  knobby t e r r a i n  o f  
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d i f f e r e n t  sca les  para1 l e l  t o  t h e  p resen t  h igh land  boundary west o f  t h e  I s i d i s  
Bas in  become much l e s s  obvious t o  t h e  east,  d e p a r t i n g  f rom t h e  p a r a l l e l  o r i e n -  
t a t i o n  and i n s t e a d  s t r i k i n g  nor theas t .  Whi le some o f  these  may represen t  
u n i t s  younger than  t h e  h i gh land  boundary( lO) ,  t h e r e  i s  i m p l i c a t i o n  of  pos- 
s i b l e  s t r u c t u r a l  c o n t r o l  no t  dominated by t h e  Boreal  i s  Bas in  r im. The ma jo r  
"ho les"  i n  t h e  d i s t r i b u t i o n  o f  h i g h  l a t i t u d e  knobs and detached p la teaus  
occur  i n  t h e  two lowes t  p a r t s  o f  V a s t i t a s  Boreal  i s ,  a t  230°W n o r t h  o f  U top ia  
P l a n i t i a  and a t  30°W n o r t h  o f  A c i d a l i a  P l a n i t i a .  The f i r s t  o f  these  l i e s  
ad jacen t  t o  t h e  proposed c e n t e r  o f  t h e  mega-impact; t h e  second s t r a d d l e s  t h e  
proposed bas in  rim. A l though t h e  topography i n  t hese  reg ions  i s  suspec t (6 ) ,  
these  "ho les"  a r e  t h e  o n l y  two p o r t i o n s  o f  t h e  h i g h  l a t i t u d e  p l a i n s  lower  
t han  2 km below re fe rence  ( i  .e,, as deep as t h e  Chryse Basin) .  A t  h i ghe r  
e l e v a t i o n s  some evidence f o r  p o s s i b l y  o l d  t e r r a i n  u s u a l l y  e x i s t s .  

As descr ibed  e l s e w h e r e ( l l ) ,  evidence f o r  a  c o n t i n u o ~ l s  c i r c u l a r  h i gh land  
boundary i s  l ack ing ,  e s p e c i a l l y  i n  western Mars. It i s  n o t  obv ious t h i s  l a c k  
i s  due t o  subsequent geo log i c  events. The occurrence o f  p o s s i b l y  o l d  t e r r a i n  
a t  r e l a t i v e l y  h i g h  e l e v a t i o n s  i n  t h e  n o r t h e r n  lowlands, e s p e c i a l l y  c l o s e  t o  
t h e  proposed bas in  cen te r ,  t h e  l a c k  o f  conv inc ing  topograph ic  express ion  o f  
t h e  b a s i n ( 9 ) ,  and t h e  patchy d i s t r i b u t i o n  o f  bo th  e l e v a t i o n s  and landforms 
n o r t h  o f  t h e  h i gh land  boundary a l l  a r e  more e a s i l y  understood i n  terms o f  
mu1 ti p l  e  over1 appi  ng impacts o f  more moderate s i  ze. 
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