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The r e g i o n s  a n t i p o d a l  t o  Marst t h r e e  l a r g e s t  impact 
b a s i n s ,  H e l l a s ,  Isidis, and Argyre,  were a s s e s s e d  f o r  
evidence of impact-induced se i smica l ly -d i s rup ted  t e r r a i n s .  
Photogeology and p re l iminary  computer modeling u s i n g  t h e  
S impl i f i ed  A r b i t r a r y  Lagrangian-Eulerian computer program 
(Watts e t  a l . ,  1989) [I]  suggest suck t e r r a i n s  could  have 
been formed by t h e  H e l l a s  and I s i d i s  impacts .  Maximum 
an t ipoda l  p ressu res  a r e  1.1 x 109 Pasca l s  f o r  He l l a s ,  5 . 2  x 
108 Pascals  f o r  I s i d i s ,  and 1.5 x 108 Pascals f o r  Argyre. 

Previous ly ,  t h e  only assessment of p o t e n t i a l  s u r f a c e  
d i s r u p t i o n s  on Mars, a n t i p o d a l  t o  l a r g e  impacts  was by 
P e t e r s o n '  '(1978) .[2] . H e  d e s c r i b e d  t h e  t e r r a i n  a t  t h e  
ant ipodes  of He l l a s ,  Isidis, and Argyre impact b a s i n s ,  and 
suggested t h a t  focus ing  of se ismic  shocks from t h e  Hel las  
impact might have produced t h e  v o l c a n i c  condu i t  a t  Alba 
Pa te ra  through which magma could reach t h e  su r face .  He a l s o  
suggested t h a t  o lde r  f r a c t u r e s  i n  Noctis Labyrinthus may have 
been generated o r  modified by t h e  I s i d i s  impact. 

Our r e s u l t s  g ive  credence t o  Peterson ' s  a s s e r t i o n s .  For 
Hel las ,  t h e  computer model c l e a r l y  sugges ts  t h a t  an t ipoda l  
p ressu res  were probably s t rong  enough t o  have f r a c t u r e d  t h e  
c r u s t  and d i s r u p t e d  t h e  surface,  and may account f o r  a spec t s  
of  volcanism a t  Alba P a t e r a .  Alba P a t e r a  has  long  been 
recognized a s  unusual (o r  perhaps unique) i n  t h e  s o l a r  system 
(Carr  e t  a l . ,  1977a) [3] . I t  i s  a " c e n t r a l  v e n t n  volcano 
c o n t a i n i n g  a c a l d e r a  complex about 1 0 0  km a c r o s s  and has 
flows t h a t  can be t r a c e d  r a d i a l l y  more than  1000 km, making 
it t h e  l a r g e s t  such volcano seen anywhere. The long flows 
i n d i c a t e  high r a t e s  of  e f f u s i o n  (Greeley and Spudis,  1981) 
[ 4 I which o r d i n a r i l y  a r e  associated with flood e rup t ions  from 
f i s s u r e s .  For  example, long flows seen on t h e  Moon a r e  
i n f e r r e d  t o  have been der ived  from f i s s u r e s  a s s o c i a t e d  with 
b a s i n - r e l a t e d  f r a c t u r e s  (Schaber, 1973) [5]  . I n  c o n t r a s t ,  
t h e  Alba P a t e r a  flows appear a s  narrow s h e e t s  and tube-fed 
flows e r u p t e d  from v e n t s  of l i m i t e d  e x t e n t .  This  would 
s u g g e s t  t h a t  t h e  magma supply  and c o n d u i t  sys tem i s  
c e n t r a l l y - l o c a t e d  and d i f f e r e n t  from t h a t  of t h e  Moon. 
Moreover, t h e  low f l a n k  s lopes  of Alba Pa te ra  may i n d i c a t e  a 
d i f f e r e n t  s t y l e  of volcanism than  t h a t  of t h e  o t h e r  Thars is  
volcanoes on Mars, a l l  of which a r e  high-standing e d i f i c e s .  

W e  suggest  t h a t  t h e  Hel las  impact produced s u f f i c i e n t  
focused energy a t  i t s  antipode t o  produce deep f r a c t u r e s  i n  
t h e  Mart,ian c r u s t  centered  below t h e  current  ca lde ra  f o r  Alba 
P a t e r a .  With t h e  genera t ion  and evo lu t ion  of  magma i n  t h e  
Thars i s  a rea ,  t h e  f r a c t u r e  system provided a ready conduit  
f o r  ear ly-s tage  e rup t ions  of Martian l avas  der ived  from deep 
i n  t h e  c rus t /upper  mantle, perhaps of komat i i t i c  composition 
(Burns ans Fisher ,  1989) [61. These f l u i d  lavas  were erupted 
a t  high r a t e s  from t h e  c e n t r a l  zone of t h e  ant ipodal  
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f r a c t u r e s  and s p r e a d  t o  g r e a t  d i s t a n c e  t o  form t h e  b a s a l  
l a v a s  of Alba P a t e r a .  This  occur red  i n  t h e  Hesperian,  long 
a f t e r  Hel las  d i s r u p t e d  t h e  an t ipoda l  i n t e r i o r .  The change i n  
morphology t o  t ube - f ed  f lows a t  Alba P a t e r a  f o r  t h e  l a t e r  
d e p o s i t s  s u g g e s t s  lower r a t e s  of  e f f u s i o n  of  a  s p o r a d i c  
c h a r a c t e r  (Greeley and Spudis,  1981) [ 4 ] ,  which may r e f l e c t  
lower r a t e s  of magma produc t ion ,  more cons t r a ined  condu i t s ,  
more "evolvedv magmas, o r  some combination of t h e s e  f a c t o r s .  

The computer model g i v e s  a n t i p o d a l  p r e s s u r e s  f o r  t h e  
I s i d i s  impact ve ry  c l o s e  t o  t h o s e  produced by t h e  Imbrium 
impact on t h e  Moon and by t h e  C a l o r i s  impact on Mercury,  
suggest ing t h a t  d i s r u p t e d  t e r r a i n s  should have been produced. 
Although none a r e  seen,  Pe te rson  (1978) [2] sugges ted  t h a t  
some of t h e  f r a c t u r e s  of  t h e  Noct i s  Labyrinthus  system may 
have been genera ted  o r  in f luenced  by t h e  I s i d i s  impact.  Some 
of t h e  fractures i n  t h e  Noct is  Labyrinthus system a r e  r a d i a l  
t o  o r  concen t r i c  about t h e  I s i d i s  an t ipode .  Carr  (1974) [ 7 ]  
sugges ted  t h i s  t o p o g r a p h i c a l l y  h igh  r eg ion  might be due t o  
c r u s t a l  upwarping caused by mant le  convec t ion  i n  T h a r s i s  . 
Tho load  from Tha r s i s  vo l can ic s  may have r e a c t i v a t e d  c e r t a i n  
a l i g n e d  o l d e r  f r a c t u r e s ,  p r e v i o u s l y  emplaced by I s i d i s  
a n t i p o d a l  a c t i v i t y  ( P e t e r s o n ,  1978) [2 ]  . Thus, N o c t i s  
Labyrinthus  may be a younger f e a t u r e  t h a t  owes i t s  l o c a t i o n  
a t  l e a s t  p a r t l y  t o  t h e  a n t i p o d a l  e f f e c t s  of  a  major impact .  
The l a c k  of v i s i b l e  f e a t u r e s  a t  t h e  Argyre an t ipode  sugges t s  
t h a t  e i t h e r  t h e  low a n t i p o d a l  p r e s s u r e s  were i n s u f f i c i e n t  t o  
d i s r u p t  t h e  t e r r a i n ,  o r  such t e r r a i n  was produced b u t  has  
s i n c e  been o b l i t e r a t e d .  
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