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H u l t i r i n g  i m p a c t  b a s i n s  (MRIBs) h a v e  been  shown t o  b e  i m p o r t a n t  
s u r f a c e  s t r u c t u r e s  on a l l  t e r r e s t r i a l  p l a n e t s  ( e . g . ,  1-3) .  Wi th  r e g a r d  
t o  Mars it h a s  b e e n  s a i d  t h a t  MRIBs d e f i n e  t h e  f l ~ n d n m e n t a l  t e c t -  
frameuork, o n t o  wh ich  g e o l o g i c  and  g e o p h y s i c a l  p r o c e s s e s  a r e  l a t e r  
s u p e r i m p o s e d  ( 1 ) .  W h i l e  t h i s  a r g u m e n t  is c e r t a i n l y  s u p p o r t e d  by t h e  
e v i d e n c e  f rom Mars and Hoon, t h e  p e r s i s t e n t  g e o l o g i c a l  a c t i v i t y  on 
E a r t h  h a s  c r e a t e d  a  l e s s  u n e q u i v o c a l  p i c t u r e .  N e v e r t h e l e s s ,  v a r i o u s  
w o r k e r s  i n  r e c e n t  y e a r s  d i s c u s s e d  ( e . g . ,  4 , s )  t h e  i m p l i c a t i o n s  t h a t  
f o r m a t i o n  .of  numerous  H R I B s  d u r i n g  t h e  A r c h e a n / e a r l y  P r o t e r o z o i c  wou.ld 
h a v e  had f o r  t h e  g e o l o g i c a l  e v o l u t i o n  o f  t h i s  p l a n e t .  T h e r e  c a n  b e  n o  
d o u b t  t h a t  t h e  c u r r e n t  s t a t u s  o f  t h e  i m p a c t  c r a t e r i n g  r e c o r d  i n d i c a t e s  
t h a t ,  t h r o u g h o u t  t i m e ,  i m p a c t  c r a t e r i n g  was a  most  e f f e c t i v e ,  i f  n o t  
o r i g i n a l l y  t h e  most  i m p o r t a n t  g e o l o g i c a l  p r o c e s s  on E a r t h ' s  s u r f a c e .  
S e v e r a l  t e r r e s t r i a l  s t r u c t u r e s  h a v e  b e e n  d i s c u s s e d  i n  t h e  r e c e n t  p a s t  
as  r e m n a n t s  o f  p o t e n t i a l  HRIBs, s u c h  as t h e  Sudbury  s t r u c t u r e  ( 6 ) ,  t h e  
Simpson D e s e r t  D e p r e s s i o n  (SDD, 7-S), and a l s o  t h e  s t i l l  c o n t r o v e r s i a l  
V r e d e f o r t  dome (VD). O t h e r s ,  e . g .  ( l o ) ,  have  s p e c u l a t e d  on t h e  
e x i s t e n c e  o f  many o t h e r  l a r g e  c i r c u l a r  s t r u c t u r e s  on E a r t h .  S h o u l d  t h e  
t h r e e  s t r u c t u r e s  named i n d e e d  f a l l  i n t o  t h e  H R I B  c a t e g o r y ,  d o u b t l e s s l y  
many o f  t h e i r  o r i g i n a l  c h a r a c t e r i s t i c s  have  been  d e s t r o y e d  s i n c e  t h e i r  
f o r m a t i o n  c a .  2 Ga a g o .  E r o s i o n  o f  s u c h  l a r g e  ( a n d  o l d )  s t r u c t u r e s  is 
n a t u r a l l y  f a v o r e d  b y  t h e i r  h i g h  d i a m e t e r / d e p t h  r a t i o s  ( 1 )  and e x t e n d e d  
g e o l o g i c a l  a c t i v i t y  o v e r  2 o r  more Ga.  T h e r e f o r e ,  i n  t h e  l i g h t  o f  t h e  
r e c e n t  ample  l i t e r a t u r e  on MRIBs, b o t h  on E a r t h  and on o t h e r  p l a n e t s  
( l l ) ,  and p a r t i c u l a r l y  a s  new p o t e n t i a l  b a s i n  c a n d i d a t e s  have  been 
i n t r o d u c e d  ( e . 8 .  t h e  SDD, o r  t h e  Can-Am s t r u c t u r e  ( 1 2 ) ) ,  it a p p e a r s  
t i m e l y  t o  d i s c u s s  t h e  a v a i l a b l e  r e c o g n i t i o n  c r i t e r i a  f o r  s u c h  l a r g e  
s t r u c t u r e s .  

A s  F r e n c h  (13)  s u m m a r i s e d ,  g e n e r a l l y  a c c e p t e d  r e c o g n i t i o n  
c r i t e r i a  f o r  i m p a c t  s t r u c t u r e s  a r e  e i t h e r  m o r p h o l o g i c a l  
c h a r a c t e r i s t i c s  ( e . 8 .  c i r c u l a r i t y ) ,  m a c r o d e f o r m a t i o n  ( e . g .  
b r e c c i a t i o n ,  b r e c c i a  b o d i e s ) ,  o r  a  r a n g e  o f  p e t r o g r a p h i c  i n d i c a t o r s  
( h i g h - P  p o l y m o r p h s ,  s h o c k  m e t a m o r p h i c  e f f e c t s ) .  However,  mos t  o f  t h e s e  
c r i t e r i a  c a n  o n l y  b e  a p p l i e d  t o  " f r e s h " ,  i . e . r e l a t i v e l y  young ,  and 
small c r a t e r  s t r u c t u r e s ,  u h i l e  t h e  r e c o r d  f o r  l a r g e / o l d  MRIBs is 
d i f f e r e n t :  U c u l a r   structure^, g e n e r a l l y  w i t h  a  --a1 u ~ l U  
s u r r o u n d e d  by faulted ( r i n g  s t r u c t u r e s ) ,  w i t h  s n d i n l  a n d  
p e r l ~ h p r a l  o r  t a n g e n t  l i n e a m e n t  t r e n d s ,  a s  w e l l  a s  s i g n i f i c a n t  . . a s s o c i a t e d  y o l c a n i c  a c t l v l t y .  T h i s  c o n f o r m s  l a r g e l y  w i t h  t h e  

t a l e - t v ~ e  of MRIBs ( h e r e  t h o u g h t  most  i m p o r t a n t  b e c a u s e  o f  i ts 
s i ze  r a n g e  a t  +/- 1000  km), b u t  some w o r k e r s  have  p o i n t e d  o u t  t h a t  
many o f  t h e  l a r g e r  b a s i n s  on Mars ( e . 8 .  A r g y r e ,  H e l l a s ,  C h r y s e )  d i f f e r  
m o r p h o l o g i c a l l y  and s t r u c t u r a l l y  f rom t h e  O r i e n t a l e  t y p e  of s m a l l e r  
d i a m e t e r  ( 1 4 1 5 )  I t  is t h o u g h t  t h a t  one  r e a s o n  f o r  f o r m a t i o n  o f  
d i f f e , r e n t  s t r u c t u r a l  s t y l e s  c o u l d  b e  v a r i a b i l i t y  i n  t h e  c o n s t i t u t i o n  
o f  t h e  c r u s t ,  e . g .  v a r i a b l e  l i t h o s p h e r i c  t h i c k n e s s ;  t h e  f o r m a t i o n  o f  
O r i e n t a l e - t y p e  b a s i n s  may b e  f a v o r e d  b y  t h i c k  and s t r o n g  l i t h o s p h e r e  
i n  c a s e s  o f  t r a n s i e n t  c a v i t y  d e p t h s  l e s s  t h a n  t h e  t h i c k n e s s  of t h e  
l i t h o s p h e r e .  The i m p l i c a t i o n  f o r  t e r r e s t r i a l  M R I B s  is  t h a t  a t  t i m e s  
p r i o r  t o  c a .  2 Ga t h e  l i t h o s p h e r e  , a t  l e a s t  on p a r t s  o f  t h e  C a n a d i a n  
S h i e l d ,  was r e l a t i v e l y  t h i n  and g e o t h e r m a l  g r a d i e n t s  v e r y  h i g h  ( 1 6 ) .  
G e n e r a l l y  i t  w i l l  b e  i m p o s s i b l e  t o  t r a c e  e.ieota f rom s u c h  o l d  
s t r u c t u r e s  ( i t  is d i f f i c u l t  f o r  M a r t i a n  b a s i n s ,  t o o  ( 1 ) ) .  T h e r e f o r e  
o n l y  r e m o t e  s e n s i n g ,  m o r p h o l o g i c a l  and g e o p h y s i c a l  f e a t u r e s  a s  
p o s s i b l e  i n d i c a t o r s  f o r  a n c i e n t  MRIBs c a n  b e  c o n s i d e r e d .  I t  h a s  been 
p o i n t e d  o u t  ( 1 7 )  t h a t  l a r g e  i m p a c t  s t r u c t u r e s ,  s u c h  a s  Man icouagan ,  
commonly f e a t u r e  a n  w n e t i c  a-lv ~ a t t e m  c o n s i s t i n g  of  a  
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c e n t r a l  h i g h  and a n n u l a r  r i n g s .  The g r a v i t v  s i g n a t u r e  of  an impac t  
s t r u c t u r e  is p r i m a r i l y  a  low ( d u e  t o  b r e c c i a t i o n )  ( -18) .  F i n a l l y ,  t h e  
&uct-v w l v  distu-d r i m  2- may have been g e o l o g i c a l l y  
a c t i v e  f o r  e x t e n d e d  t i m e s .  

What is t h e  r e s p e c t i v e  r e c o r d  f o r  t h e  SDD and t h e  VD? 1.- a  
n e a r - c i r c u l a r  d e p r e s s i o n  a s s o c i a t e d  w i t h  l a r g e  volumes of v o l c a n i c s  
c o v e r i n g  some 37000 km2; t h e  r e g i o n  h a s  been a  b a s i n a l  f e a t u r e  s i n c e  
e a r l y  P r o t e r o z o i c ;  r e g a r d i n g  t h e  a e r o m a g n e t i c  p a t t e r n ,  a  d e t a i l e d  
r e g i o n a l  s u r v e y  is c u r r e n t l y  b e i n g  u n d e r t a k e n ,  b u t  a  s t r o n g  HAGSAT 
g r a d i e n t  o v e r  t h e  r e g i o n  was n o t e d  e a r l i e r  ( 7 ) ;  comparing F i g .  1 ( 7 )  
and F i g . 4 B  ( l l ) ,  t h e  g r a v i t y  p r o f i l e s  a c r o s s  t h e  SDD and Manicouagan, 
r e s p . ,  a v e r y  s t r o n g  s i m i l a r i t y  between t h e s e  two p r o f i l e s  is o b v i o u s ;  
( 8 , 9 )  p o i n t e d  o u t  t h e  s t r o n g  c i r c u l a r ,  r a d i a l ,  and a n n u l a r  o r  
t a n g e n t i a l  l i n e a m e n t  geomet ry  i n  t h e  r e g i o n .  
2 . m  Recent  g r a v i t y  m o d e l l i n g  ( 1 9 )  s u g g e s t e d  a  100 km w i d t h  f o r  t h e  
basement  u p l i f t ,  a  f i g u r e  p o i n t i n g  t o w a r d s  a  300-350 km s t r u c t u r a l  
d i a m e t e r  i f  s c a l e d  a g a i n s t  o t h e r  u p l i f t / c r a t e r  d i a m e t e r  r a t i o s .  The 
r e g i o n a l  g e o l o g i c a l  e v o l u t i o n  h a s  been r e c o r d e d  f o r  a  p e r i o d  of a t  
l e a s t  3  Ga. The c r u s t - o n - e d g e  g e o l o g y  of  t h e  c o r e  as w e l l  a s  
r e f l e c t i o n  s e i s m i c  and s t r a t i g r a p h i c  d a t a  s u g g e s t  a  c r u s t a l  t h i c k n e s s  
i n  t h e  r e g i o n  of a t  l e a s t  35  km, which may be  d i f f e r e n t  from o t h e r  
c r a t o n i c  r e g i o n s  i n  N .  'Amer ica  o r  A u s t r a l i a  a t  t h e  t i m e .  With r e g a r d  
t o  o u r  list o f  c r i t e r i a  - t h e  s t r u c t u r e  h a s  a  n e a r - c i r c u l a r  u p l i f t  and 
is s u r r o u n d e d  by a  s e m i c i r c u l a r  ( o r  t a n g e n t i a l ? )  s y n c l i n o r i u m  i n  t h e  
n o r t h ,  b u t  s u c h  s t r u c t u r e  h a s  n o t  been d e s c r i b e d  f rom t h e  s o u t h .  T h i s  
is e x p l a i n e d  by some w o r k e r s  ( 2 0 )  by t i l t i n g  o f  t h e  c r u s t  n o r t h w a r d s  
l a t e r  t h a n  2 G a  ago and s u b s e q u e n t  p r e f e r e n t i a l  e r o s i o n  of  t h e  
s o u t h e r n  s e c t o r ;  e j e c t a  d e p o s i t s  a r e  n o t  known, b u t  i t  h a s  been 
s u g g e s t e d  t o  i n v e s t i g a t e  t h e  1 . 9  Ga Wate rberg  Group m e t a s e d i m e n t s .  The 
r e g i o n a l  a e r o m a g n e t i c  anomaly p a t t e r n  ( F i g . 3 ,  ( 2 1 ) )  i s  domina ted  by 
c e n t r a l  n e g a t i v e  a n o m a l i e s  on t h e  dome i t s e l f ,  and a  s e m i - a n n u l a r  o r  
t a n g e n t i a l  r i d g e  t o  t h e  n o r t h w e s t  (Rand A n t i c l i n e )  t h a t  f e a t u r e s  
p r o m i n a n t l y  a s  a  n e g a t i v e  anomaly d u e  t o  s t r o n g l y  magne t ic  West Rand 
Group s h a l e s .  The g r a v i t y  image ( F i g . 2 ,  ( 2 1 ) )  shows t h e  s t r u c t u r e  
l o c a t e d  i n  a n  a r e a  of e l e v a t e d  g r a v i t y ,  s u r r o u n d e d  by n e g a t i v e  
a n o m a l i e s .  

I n  c o n c l u s i o n ,  w h i l e  c e r t a i n  s i m i l a r i t i e s  between t h e  s u g g e s t e d  
HRIB s i g n a t u r e s  and t h e  SDD s t r u c t u r e  c o u l d  be  d e s c r i b e d ,  i n  a d d i t i o n  
t o  t h e  o t h e r  g e o l o g i c a l  and g e o p h y s i c a l  c h a r a c t e r i s t i c s  emphas i sed  
e a r l i e r  ( 7 - 9 ) ,  t h e  r e g i o n  of  t h e  V r e d e f o r t  s t r u c t u r e  d o e s  n o t  s o  
r e a d i l y  conform.  A s  p o i n t e d  o u t ,  t h i s  may be  d u e  t o  abnormal  t h i c k n e s s  
of t h e  P r o t e r o z o i c  l i t h o s p h e r e  o r  due  t o  t h e  e x t r e m e  e r o s i o n  d e p t h  a t  
V r e d e f o r t .  A l s o  t h e  e x t e n s i v e  t e c t o n i c  a c t i v i t y  i n  t h e  w e s t e r n  p o r t i o n  
of t h e  Kaapvaa l  c r a t o n  s i n c e  2  Ga c o u l d  have  l a r g e l y  o b s c u r e d  t h e  
o r i g i n a l  f e a t u r e s .  I t  is c l e a r l y  demanded t o  f u r t h e r  e v a l u a t e  t h e  
r e c o g n i t i o n  c r i t e r i a  f o r  MRIBs, a s  s e t  o u t  h e r e ,  by comparison w i t h  
o t h e r  l a r g e  impac t  s t r u c t u r e s  ( e . g .  P o p i g a i  (IOOkm), Puchezh-Katunki  
(80km),  S i l j a n  (52km))  and o t h e r  s u g g e s t e d  t e r r e s t r i a l  M R I B s  
( e . g . t h o s e  s u g g e s t e d  by ( 1 0 ) ) .  
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