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PkOTEKOZOIC BUSHVELD-VKEDf'FOKT CATASTROPHE: 
CONSEQUENCES; W.E. E l s t o n  , 1). T w i s t  . POSSIBLE CAUSES AND 

'Dept. of Geology, U n i v e r s i t y  o t  New Mexico, Albuquerque, NM 87131. 
' I n s t .  f o r  Geo log ica l  S t u d i e s  of  t h e  Bushveld Complex, Univ. o f  P r e t o r i a ,  

P r e t o r i a  0002, South A f r i c a .  

Rushveld Complex and Vrede fo r t  1)ome are  unique  f e a t u r e s ,  tormed i n  
c l o s e  p rox imi ty  d u r i n g  t h e  same t i m e  i n t e r v a l ,  - 2  Ga. Both show ev idence  of 
c a t a s t r o p h i c  e v e n t s  i n  t h e  sha l low marine environment  of t h e  o t h e r w i s e  
s t a b l e  Kaapvaal Cra ton .  Exp lana t ion  by m u l t i p i e  i m p a c t s  of a n  a s t e r o i d ,  
b r e c c i a t e d  by an  i n t e r - a s t e r o i d a l  c o l l i s i o n  ana  d i s i n t e g r a t i n g  i n  E a r t h ' s  
g r a v i t y  f i e l d  ( 1 ,  2 )  i s  suppor t ed  by p s e u d o t a c h y l i t e ,  s h a t t e r  cones ,  
c o e s i t e ,  and s t i s h o v i t e  a t  Vrede fo r t  ( 3 ,  4 ,  5 j  bu t  t h e s e  shock  phenoniena 
have n o t  been found i n  t h e  Bushveld Complex ( 6 ) .  The Bushveld Complex was 
fo rmer ly  i n t e r p r e t e d  a s  a l o p o l i c l i  ( 7 ) ,  a view incompa t ib l e  w i t h  g r a v i t y ,  
e l e c t r i c a l  r e s i s t i v i t y ,  magnet ic ,  and s e i s m i c - r e f l e c t i o n  d a t a  (8,  9 ,  10 ,  
11 ) .  i r  i s  o u t l i n e d  by f i v e  inward-dipping l o b e s  of l a y e r e d  
u l t ramaf ic - to-n iaf ic  p l u t o n i c  rocks  (Rustenburg Layered S u i t e ,  RLS) t h a t  
p a 5 t l y  c o a l e s c e  t o  form a b a s i n - l i k e  f e a t u r e  400 km i n  d i ame te r  and 65,000 
km i n  a r e a ,  e q u i v a l e n t  t o  a small l u n a r  mare. KLS and unde r ly ing  
sed imen ta ry  r o c k s  (Transvaa l  Sequence) end a b r u p t l y  below 11-13 km. The 
i n t e r i o r  c o n s i s t s  of one o r  more basement domes, which l e n d s  c redence  t o  t h e  
i n t e r p r e t a t i o n  of  t h e  Vrede fo r t  dome as a deep ly  e roded  Bushveld o u t l i e r  
( 2 ) .  Between t h e  inward-dipping Transvaal-RLS s u c c e s s i o n  and t h e  c e n t r a l  
dome t h e r e  i s  a c o l l a r  of  d i s t u r b e d  pre-Bushveld rocks  (11 ) .  By t h e  impact  
i n t e r p r e t a t i o n ,  t h e  c e n t r a l  dome(s) cor respond t o  u p l i f t e d  f l o o r ( s )  of one 
o r  more c o a l e s c i n g  priniary c r a t e r s ;  shock  f e a t u r e s  cou ld  be expec ted  t h e r e  
b u t  t h e  donies do n o t  c r o p  o u t .  The c o l l a r  i s  i n f e r r e d  t o  i n c l u d e  i n t e n s e l y  
f o l d e d  and c a t a c l a s i z e d  rocks  of t h e  wes te rn  Crocod i l e  River-Kooiberg and 
e a s t e r n  Marble Hal l -S tavoren  "fragments ."  O r i g i n a l l y  i n t e r p r e t e d  a s  roof  
pendants  i n  a l o p o l i t h ,  t h e  f ragments  were i n t e r p r e t e d  by Rhodes ( 2 )  as 
c e n t r a l  peaks of s e p a r a t e  impact  c ra te rs .  By t h e  p r e s e n t  impact  
i n t e r p r e t a t i o n ,  chey a r e  p a r t s  o f  t h e  r i m  and f l a n k s  of  a complexly mod i f i ed  
and e n l a r g e d  c r a t e r .  T h i s  e x p l a i n s  i n t e n s e  de fo rma t ion  beiow t h e  l e v e l  of 
shock  metamorphism ( 1 3 ) .  

The Bushveld Complex i s  o r d e r s  of  magni tudes l a r g e r  t h a n  o t h e r  proposed 
t e r res t r ia l  impact  s t r u c t u r e s  and d i f f e r s  from them i n  impor t an t  ways. Its 
p r i n c i p a l  members, i n  o r d e r  of age ,  a r e  Kooiberg F e l s i t e ,  RLS, ana  Lebowa 
G r a n i t e .  Kooiberg F e l s i t e  ( i n i t i a l  volume 200,000->300,000 kni ; 1 2 ) ,  t h e  
l a r g e s t  mass of r e l a t e d  v o l c a n i c - l i k e  r o c k s  on E a r t h ,  may hold  t h e  key t o  
i t s  o r i g i n .  I t s  volume i s  -20X of  t h e  Bushveld Complex, f a r  more than  
i m p a c t i t e  m e l t r o c k  of known as t rob lemes  ( <  5 % ;  14) .  No c a l d e r a s  o r  o t h e r  
e r u p t i v e  c e n t e r s  a re  known. I t  could  be exp la ined  by e x c a v a t i o n  of t h e  
E a r t h ' s  c r u s t  t o  i s o t h e r m s  above t h e  ambient -pressure  s o l i d u s  of g r a n i t e  
(-30 km); added k i n e t i c  energy  of impact  would e x p l a i n  t e x t u r a l  and 
m i n e r a l o g i c a l  ev idence  f o r  quenching from u n u s u a l l y  h igh  t empera tu res  
( s k e l e t a l  c l inopyroxene ,  swa l low- ta i l  p l a g i o c l a s e ,  q u a r t z  n e e d l e s  paramorph 
a f t e r  pr imary t r i d y m i t e ,  e t c . ) .  Repeated water i n f l u x e s  account  f o r  
e x p l o s i v e  volcanism ( i n c l u d i n g  i g n i m b r i t e s  and r h e o i g n i m b r i t e s  i n  t h e  upper  
p a r t ) ,  compl ica ted  s t r a t i g r a p h y  w i t h  zones  of  a c c r e t i o n a r y  l a p i l l i ,  
mudflows, and sed imen ta ry  i n t e r b e d s  (15) .  Basal exposures  above t h e  
d i s t u r b e d  c o l l a r  show t h a t  de fo rma t ion  of  t h e  sed imen ta ry  f l o o r  occur red  
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between times of deposition of the Transvaal Sequence and emplacement oi 
Rooiberg Felsite. Petrography and field relations show transitions from 
felsite to sedimentary rocks that were metamorphosed (sanidine facies; 
stability field of tridymite) or partly melted. Geochemical mixing models 
for major and trace elements show that the high-Mg group of felsites, 
confined to the lower part of the section (15), closely resemble mixed 
Transvaal sedimentary rocks. Other chemical varieties (low-Mg and high-Fe) 
have more complex characteristics. RLS intruded along the unconformity 
between Transvaal Sequence and Rooiberg Felsite; by the impact hypothesis it 
represents partial mantle melts induced by deep fracturing near the crater 
wall. Remaining siliceous melts equilibrated with crust to forni anatectic 
granitic melts, niairily erupted as sheets of Lebowa Granite along 
RLS-Rooiberg contacts (16).  

The Bushveld-Vredefort events occurred during the interval from neutral or 
reducing atmosphere to oxidizing atmosphere (uraninite-and pyrite-bearing 
pre-Bushveld Sedimentary rocks; post-Bushveld redbeds of the Loskop Group 
( 1 7 ) .  This transition is usually related to the evolution of photo- 
synthesizing organisms (18) .  If the impact hypothesis for Bushveld- 
Vredefort can be confirmed, it may represent a global catastrophe sufficient 
to contribute to environmental changes favoring aerobic photosynthesizing 
eukaryotes over anaerobic prokaryotes. 
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