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The composition of the  low-er c r u s t ,  which comprises 60-80% of t h e  c o n t i n e n t a l  c r u s t ,  remains a  major 
unknown f a c t o r  f o r  models of t e r r e s t r i a l  c r u s t a l  evo lu t ion .  The composition of t h e  upper c o n t i n e n t a l  c r u s t ,  
exposed to  weathering and e r o s i o n  is w e l l  e s t a b l i s h e d  a s  being of g r a n o d i o r i t i c  composition1. For t h e  lower 
c r u s t ,  we l a c k  those  l a r g e  s c a l e  n a t u r a l  sampling p rocesses  (such a s  product ion of c l a s t i c  sediments o r  
l o e s s )  which have s i m p l i f i e d  t h e  t a s k  of a r r i v i n g  a t  upper c r u s t a l  composi t ions2.  Lower c r u s t a l  samples a r e  
e i t h e r  random ( a s  x e n o l i t h s  i n  vo lcan ic  p ipes )  o r  from r e s t r i c t e d  outcrop a r e a s  of g r a n u l i t e  t e r r a i n s .  The 
lower c r u s t  is almost c e r t a i n l y  heterogeneous i n  d e t a i l ,  and may be  f u r t h e r  complicated by t h e  presence of 
imbr ica te  t h r u s t  s h e e t s .  One c o n s t r a i n t  is t h a t  t h e  g r a n o d i o r i t i c  (S.L.) rocks of t h e  upper c r u s t  o r i g i n a t e d  
by p a r t i a l  melt ing w i t h i n  t h e  c r u s t ,  a t  depths of l e s s  than  40 km 3 ' 4 .  The lower c r u s t  must accord ing ly  
i n c l u d e  many reg ions  from which g r a n i t i c  mel t s  (S.L.) have been e x t r a c t e d .  I f  we can recognize  such 
m a t e r i a l  i n  t h e  s c a t t e r e d  samples a v a i l a b l e  i t  w i l l  provide va luab le  l i m i t a t i o n s  on t h e  bu lk  composi t ion of 
t h e  c r u s t .  

Various a?proaches a r e  p o s s i b l e .  One is t o  model t h e  bulk c r u s t ,  and c a l c u l a t e  r e s i d u a l  composi t ions 
fol lowing t h e  e x t r a c t i o n  of g r a n i t i c  mel t s .  In  Table 1 ( c o l s .  D,E),such c a l c u l a t i o n s  a r e  p resen ted  f o r  t h e  
e x t r a c t i o n  of a  minimum g r a n i t i c  melt  from proposed t o t a l  c r u s t a l  compositions al lowing f o r  10 and 20% 
e x t r a c t i o n  of melt .  A s l i g h t l y  d i f f e r e n t  approach is  t o  e x t r a c t  t h e  known upper c r u s t a l  composition (Col. 8 )  
from t h e  model t o t a l  c r u s t ,  assuming t h a t  t h e  upper c r u s t  forms 33% (Col. F) and 20% (Col. G )  of the  t o t a l .  
These four  composi t ions i n d i c a t e  t h a t  t h e  lower c r u s t  should con ta in  compositions h igh  i n  AlgOj, CaO, low i n  
K20, wi th  p o s i t i v e  Eu anomalies  (Eu/Eu* >1) and N /S% r a t i o s  approaching c h o n d r i t i c  va lues .  F ig .  1  shows 
t h e  upper c r u s t a l  REE p a t t e r n s ,  and the  p red ic ted  % E p a t t e r n s  f o r  the  lower c r u s t .  

A second approach i s  t o  examine t h e  composition of d r y  g r a n u l i t e  samples, formed a t  lower c r u s t a l  
temperatures  and p ressures  t o  s e e  whether they match t h e  model c a l c u l a t i o n s .  ~ y f e '  has  po in ted  o u t  the  
importance of removal of Hz0 and minimum g r a n i t i c  m e l t s  a t  t h e  upper amphibol i te  g rade  of metamorphism, 
al lowing t h e  development of t h e  anhydrous mineralogy t y p i c a l  of t h e  g r a n u l i t e  f a c i e s .  G r a n u l i t e  f a c i e s  rocks 
can be  expected t o  show wide v a r i a t i o n s  i n  composi t ion due t o  s e v e r a l  processes:  
(A) Development of  g r a n u l i t e  f a c i e s  mineralogy i n  d ry  source  rocks from which a  g r a n i t i c  mal t  has  been 
e x t r a c t e d  dur ing  amphibo l i t e  f a c i e s  metamorphism4. 
( B )  Dehydration of source  rocks  with l o s s  of a n  hydrous f l u i d  phase, r e s u l t i n g  i n  g r a n u l i t e s  dep le ted  i n  
a l k a l i e s  and us.  
(C) Dehydration without  p a r t i a l  melt ing o r  l o s s  of t r a c e  elements (eg Jequ ie  complex, ~ r a z i l ~ ) .  
(D) Dehydration accompanied by l o s s  of C02 (eg Southern 1 n d i a 7 ) .  
(El Subsequent r e t r o g r a d e  metamorphism t o  produce amphibo l i t e  f a c i e s  xineralogy i n  which any o r  a l l  of 
t h e  above p rocesses  have opera ted .  

Accordingly, much complexi ty is  expected,  and shown by t h e  random examples of lower c r u s t a l  composi t ions 
a v a i l a b l e .  I n  Table 1 ,  Cols. H to  Q d a t a  a r e  given f o r  a  s u i t e  of Lewisian3 and Scourian g r a n u l i t e s g ,  
g r a n u l i t e  x e n o l i t h s  from ~ e s o t h o ' ~ " ~  Bournac, F rance i2  and e c l o g i t e s  from Sauviat-sur-Vige, ~ r a n c e ' ~ .  
These composi t ions a r e  t y p i f i e d  by h igh  Al203, and CaO, low KzO and p o s i t i v e  europium anomalies .  Fig.  2 
shows t h e  REE p a t t e r n s .  Nd/Sm r a t i o s  (Table 1) a r e  lower than  e i t h e r  upper c r u s t  o r  t o t a l  c r u s t a l  e s t i m a t e s .  
The major and t r a c e  element composi t ions tend t o  show much v a r i a t i o n ,  a s  noted by Nixon e t  a l l 0  i n  t h e i r  
s tudy  of t h e  Lesotho x e n o l i t h s .  I n  t h i s  example, minera l s  such a s  ga rne t  show Eu enrichment and t h e  
development of the  b u l k  rock REE p a t t e r n ,  wi th  p o s i t i v e  Eu anomalies ,  c l e a r l y  p r e d a t e s  t h e  g r a n u l i t e  f a c i e s  
metamorphism". Accordingly, t h e  e x t r a c t i o n  of g r a n i t i c  mel t s  p r i o r  t o  g r a n u l i t e  f a c i e s  metamorphism4 w i l l  
change the  bu lk  rock composition, inc lud ing  development of t h e  Eu enrichment ( s i n c e  t h e  g r a n i t i c  m e l t s  a r e  
t y p i f i e d  by Eu d e p l e t i o n ) .  Such composi t ional  changes a r e  observed, f o r  example, i n  t h e  ~ e w i s i a n ' .  The 
w e l l  s t u d i e d  Scourian success ion  has been t h e  s u b j e c t  of varying i n t e r p r e t a t i o n s .  P r i d e  and I4ueckeg n o t e  
t h e  fo l lowing  arguments i n  favour of e x t r a c t i o n  of p a r t i a l  mel t s  ( a )  anhydrous n a t u r e  of t h e  complex 
(b) incompatible  element d e p l e t i o n  (c )  r.arrow range of minera l  compositions (d) major  element t r e n d s  u n l i k e  
those  of upper c r u s t a l  igneous rock sequences (e )  REE abundances a r e  lower than those  t y p i c a l  of  upper 
c r u s t a l  rocks,  wi th  enrichment of  europium. It is  n o t  p o s s i b l e  t o  e v a l u a t e  t h e  r e l a t i v e  frequency of  such 
composi t ions,  except  t o  n o t e  t h a t  they a r e  c o m n .  
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Table 1. Lower c r u s t a l  compositions and candidates 

- 

A B C D E F G E I J K L M N O P Q  

5102 66.0 58.0 76.5 53.4 55.9 54.0 56.0 61.3 50.6 52.2 52.6 57.5 66.5 65.3 49.5 48.5 41.9 

Ti02 0.6 0.8 0.1 1.0 0.9 0.9 0.9 0.56 0.77 1.3 1.2 0.96 0.54 0.51 0.70 0.55 0.23 

Al201 16.0 18.0 12.9 19.3 18.6 19.0 18.5 18.1 17.9 19.5 24.5 19.5 16.5 16.2 18.5 19.7 18.0 

FeQT 4.5 7.5 1.1 9.1 8.2 9.0 8.3 5.4 8.8 9.2 5.9 5.7 4.0 4.2 6.6 5.5 13.3 

UgO 2.3 3.5 0.1 4.4 3.9 4.1 3.8 2.4 8.2 5.9 2.0 2.8 2.0 2.3 8.3 8.7 27.6 

COO 3.5 7.5 0.7 9.2 8.3 9.5 8.5 5.1 9.4 8.7 7.9 6.6 5.4 5.3 44.5 14.8 5.3 

NazO 3.8 3.5 3.8 3.4 3.5 3.1 3.4 4.9 3.3 2.7 4.0 4.9 4.1 4.3 ' 1 . 6  2.0 0.65 

KzO 3.3 1.5 4.7 0.7 1.1 0.6 1.1 2.4 1.0 0.55 1.7 0.9 0.8 0.9 0.4 0.26 - 
Eu/Eu* 0.641.0 0.45 1.35 1.12 1.22 1.10 1.97 2.4 1.46 3.14 1.69 1.29 1.34 1.31 1.50 1.70 

NdN/S% 1.88 1.41 1.72 1.14 1.29 1.09 1.26. 1.79 1.24 - - - - - 1.29 1,26 1.24 

1.8 
A Upper crus t '  B Total  crust1 C ninimrm melt coap08i t ion '~  D Residue followlug 20% melt 

ext rac t ion  frbm t o t a l  c w 8 t  
'-? I 

E Residue follovFng 10% molt ext rac t ion  P Predicted lover crus t  coptpositfon a f t e r  e x t r a c t i ~  133% upper 

crus t  Col. 1 from Col. 2 G Predicted lover crus t  composition following ext ras t ion  of 20% upper crust. 

H Levi8i.n grandi tem,  Ave of 8! I Leeotho garnet granul i tes  PBN 1670. 2533, 2852 and ~.13'~*" 

J Granulite xenolith,  Bourruc 319912 K Granulite xenolith,  Bourrrnc 3197" L Scourian granul i te  65-18' 

ti Ibid,  67-34' N Ibid,  67-41' 0 Sauviat-Sur-Vige teetagabbro 473613 P Ibid 4737 eclogita" 

Q Ibid 4739 garnet per idot i te"  

F ig .  1 A I 
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