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HREE-depleted d a c i  t e s  and t o n a l i t e s  comprise a s i g n i f i c a n t  component of 
t h e  E a r t h ' s  Archean s i a l i c  c r u s t .  They a r e  widely bel ieved t o  have formed by 
10-30% m e l t i n g  of maf ic  source  rocks  i n  t h e  lower c r u s t  [ I ,  21 ,  and t h u s  
r e f l e c t  a s imple  t r ans fo rmat ion  of  s i m a t i c  t o  s i a l i c  m a t e r i a l  dur ing  t h e  
Archean. We have shown prev ious ly  on t h e  b a s i s  of  t r a c e  element d a t a  [31 
t h a t  t h e  HREE-depleted d a c i t e s  of t h e  Michipicoten greenstone b e l t ,  Ontar io  
may be de r ived  a n a t e c t i c a l l y  from g r a n u l i t e  f a c i e s  maf ic  g n e i s s  of t h e  
Kapuskasing s t r u c t u r a l  zone. (The Michipicoten b e l t  and Kapuskasing zone a r e  
i n t e r p r e t e d  t o  be upper and lower l e v e l s ,  r e s p e c t i v e l y ,  of  an u p l i f t e d  
ob l ique  s e c t i o n  of  Archean c r u s t  [4].)  Th i s  model r e q u i r e s ,  however, t h a t  
s i g n i f i c a n t  amounts of b i o t i t e  and orthopyroxene remain i n  t h e  res idue  a f t e r  
about 9% mel t ing ,  and t h a t  t o n a l i t i c  v e i n l e t s  i n  t h e  g n e i s s  form as r e s t i t e  
fo l lowing  m e l t i n g  of a n  a n d e s i t i c  component i n  t h e  l a r g e l y  maf ic  p a r e n t a l  
m a t e r i a l .  F i e l d  and pe t rograph ic  examination of t h e  Kapuskasing g n e i s s e s  [ 5 ,  
61 s u g g e s t s  t h a t  on ly  t r a c e  amounts of b i o t i t e  and orthopyroxene a r e  
t y p i c a l l y  p resen t  i n  t h e  mafic r e s i d u e ,  t h e  t o n a l i t i c  v e i n l e t s  probably 
comprise a f e l s i c  me l t  f r a c t i o n  der ived v i a  a n a t e x i s  of  a mafic pa ren t ,  and 
both maf ic  g n e i s s  and f e l s i c  pa ragne i s s  underwent mel t ing.  We have t h u s  
re-evaluated t h e  o r i g i n  of t h e  Michipicoten HREE-depleted d a c i t e s  by t a k i n g  
t h e s e  o b s e r v a t i o n s  i n t o  account.  

Using mathematical  express ions  f o r  t r a c e  element behavior d u r i n g  
equ i l ib r ium ba tch  partial mel t ing  [ T I ,  average minera l  modes of t o n a l i t e  
v e i n l e t - f r e e ,  b i o t i t e -  and orthopyroxene-poor, p o r t i o n s  of t h e  Kapuskasing 
g n e i s s e s  ( c a l c u l a t e d  by mass balance of Kapuskasing minera l  [51 and whole 
rock C61 compos i t ions ) ,  a range of published minera l - l iquid  p a r t i t i o n  
c o e f f i c i e n t s  ( s e e  r e f e r e n c e s  i n  [ 31 ) and assumed t r a c e  element s t a r t i n g  
composit ions f o r  t y p i c a l  Archean b a s a l t  and greywacke [2 ] ,  t h e  concen t ra t ions  
of  t h e  REE, H f ,  Th, Sc ,  Co, C r ,  Rb, S r  and Ba i n  f e l s i c  p a r t i a l  m e l t s  i n  
equ i l ib r ium wi th  Kapuskasing mafic g n e i s s  and pa ragne i s s  have been 
c a l c u l a t e d .  REE composit ions of f e l s i c  m e l t s  der ived from Kapuskasing maf ic  
g n e i s s  a r e  most similar t o  Michipicoten HREE-depleted d a c i t e s  a f t e r  about 10% 
mel t ing  of  a dep le ted  Archean t h o l e i i t e  s t a r t i n g  composition o r  approximately 
50% mel t ing  o f  a n  enr iched  t h o l e i i t e  composit ion,  whether r e l a t i v e l y  low (Dl)  
o r  h igh (D2) p a r t i t i o n  c o e f f i c i e n t s  a r e  used ( f i g s .  1 and 2 ) .  However, t h e  
s l o p e  and abundance of t h e  modelled LREE concen t ra t ions  a r e  f i t  poor ly  t o  t h e  
observed d a t a .  The 10% model melt  of dep le ted  t h o l e i i t e  and 50% model mel t  
of en r iched  t h o l e i i t e  a l s o  do not e x h i b i t  Th, Co and Ba abundances t h a t  a r e  
similar t o  t h e  HREE-depleted d a c i t e s  ( f i g s .  3 and 4) .  

More s u c c e s s f u l  models f o r  t h e  pe t rogenes i s  of  t h e  d a c i t e s  a r e  ob ta ined  
i f  f e l s i c  p a r t i a l  melts i n  equ i l ib r ium wi th  Kapuskasing pa ragne i s s  (assuming 
a n  Archean greywacke s t a r t i n g  composit ion) a r e  mixed w i t h  t h e  mel t s  der ived 
from t h e  maf ic  gne i s s .  For example, a mixture  of a 25% mel t  of  greywacke and 
a 10% mel t  of  dep le ted  t h o l e i i t e  o r  a mixture  of a 65% mel t  of  greywacke and 
a 50% m e l t  of en r i ched  t h o l e i i t e  possess  t r a c e  element abundances ( i n c l u d i n g  
t h e  LREE, Th, Co and Ba) s i m i l a r  t o  t h e  HREE-depleted d a c i t e s  ( f i g s .  3 ,  4 and 
5 )  

The t r a c e  element d a t a  a r e  t h e r e f o r e  c o n s i s t e n t  w i t h  t h e  f i e l d  and 
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pe t rograph ic  evidence f o r  a n a t e x i s  of both Kapuskasing maf ic  g n e i s s  and 
pa ragne i s s  t o  produce t h e  HREE-depleted d a c i t e s  of  t h e  Michipicoten b e l t .  
Based on a t  l e a s t  t h i s  c a s e ,  models f o r  growth r a t e s  of  s i a l i c  c r u s t  dur ing  
t h e  Archean should no t  assume a simple sima t o  s i a l  t r ans fo rmat ion ,  s i n c e  
s i g n i f i c a n t  re-working o f  e x i s t i n g  s i a l i c  c r u s t  probably a l s o  is involved.  
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