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LUNAR ROCKS AND GLASSES: A TENTATIVE STATISTICAL 
SYNTHESIS OF CHEMICAL DATA; A .  C a r u s i ,  G .  C a v a r r e t t a ,  A .  Coradini ,  
0 .  Fanucc i ,  M .  F u l c h i g n o n i ( l ) ,  R .  F u n i c i e l l o ,  A .  Taddeucci  ( 2 )  ; 
I n s t i t u t e  o f  Geology, U n i v e r s i t y  of Rome. 

The most o f  chemica l  d a t a  a v a i l a b l e  from l i t e r a t u r e  have  
been c o l l e c t e d ,  r e g a r d i n g  ma jo r  e lements  i n  l u n a r  g l a s s e s ,  f i n e s  
and r o c k s .  The pu rpose  i s  t o  s y n t h e t i z e  t h e  i n f o r m a t i o n s  from a  
g r e a t  number o f  a n a l i z e d  s amples ,  i n  o r d e r  t o  i d e n t i f i e  t h e  r e l a -  
t i o n s h i p s  between t h e i r  c h e m i s t r y  and  t h e  g e n e r a l  l i t h o l o g y  o f  
t h e  r e l a t e d  samples  a r e a .  

When u n i f a c t o r i a l  s t a t i s t i c s  a r e  employed, o n l y  a  rough d i s -  
c r i m i n a t i o n  o f  g roups  o f  samples  i s  o b t a i n e d ,  whereas  m u l t i f a c -  
t o r i a l  a n a l y s i s  p r o v i d e s  more r e l i a b l e  r e s u l t s ,  s i n c e  t h e  i n f o r -  
mat ions  t o  b e  n e g l e t e d  a r e  f i x e d  a - p r i o r i .  The l o s t  i n f o r m a t i o n  
i s  p r o p o r t i o n a l l y  d i s t r i b u t e d  t o  t h e  impor tance  o f  t h e  v a r i a b l e s  
on t h e  f a c t o r  a x i s  (Q-mode) [Harmann, 1 9 7 0 1 .  

R-mode a n a l y s i s  h a s  been  employed t o  i n v e s t i g a t e  t h e  r e l a -  
t i o n s h i p s  among t h e  chemica l  normat ive  v a r i a b l e s  w i t h i n  t h e  
homogeneous groups  a s  i d e n t i f i e d  by means o f  Q-mode a n a l y s i s .  
Wi th in  each g roup ,  t h e  f a c t o r  m a t r i x  s u p p l i e d  by t h e  R-mode meth- 
od  can  be  i n t e r p r e t e d  i n  p e t r o l o g i c  t e r m s ,  a s  a  s e t  o f  e v o l u t i v e  
t e n d e n c i e s  [ L a f f i t t e ,  1 9 7 2 1 .  

Th i s  method has  been a p p l i e d  t o  t h e  l u n a r  samples r e t u r n e d  
from t h e  Apol lo  11, 1 2 ,  14 and  1 5  m i s s i o n s .  A s  a n  example,  t h e  
Apol lo  1 2  l u n a r  samples  c l u s t e r i n g  i s  shown i n  f i g .  1, a s  o b t a i n e d  
by means o f  Q-mode a n a l y s i s  o f  chemica l  v a r i a b l e s ;  t h e  t h r e e  pro-  
j e c t i o n s  o f  t h e  groups  on t h e  c o o r d i n a t e  p l a n e s  can  b e  obse rved .  
The R-mode a n a l y s i s ,  a p p l i e d  t o  t h e  second o f  t h e  t h r e e  groups  
g i v e s  t h e  r e s u l t s  shown i n  t a b l e  1; it i s  c h a r a c t e r i z e d  by t h r e e  
f a c t o r s  : 
F a c t o r  1 - MgO ( a c c o u n t s  f o r  50.52% o f  t h e  t o t a l  v a r i a n c e ) .  The 
i n v e r s e  c o r r e l a t i o n  o f  magnesium w i t h  r e g a r d  t o  ca lc ium and i r o n  
can  be  i n t e r p r e t a t e d  a s  a  c l i nopyroxenes  f o r m a t i o n  p r o c e s s  . 
F a c t o r  2 - A1203 ( a c c o u n t s  f o r  32.99% o f  t o t a l  v a r i a n c e ) .  The 
d i r e c t  correlation o f  ca l c ium,  s i l i c o n  and aluminum and t h e  i n -  
v e r s e  one w i t h  i r o n  can b e  r e l a t e d  t o  t h e  f o r m a t i o n  p r o c e s s  o f  
Ca -p l ag ioc l a se  . 
F a c t o r  3 - K20 ( a c c o u n t s  f o r  13.84% t o t a l  v a r i a n c e ) .  The s t r i c t  
d i r e c t  c o r r e l a t i o n  between sodium and po tass ium i s  i n d i c a t i v e  f o r  
t h e  f o r m a t i o n  o f  N a -  and K - f e l d s p a r s .  

Th i s  method s u p p l y  a r e l i a b l e  c r i t e r i o n  o f  comparison be- 
tween r o c k s  and  g l a s s e s  g roups ;  i n  t a b l e  2 a  s y n t h e s i s  o f  t h e  
deduced s i m i l a r i t i e s  , i s  shown, among s e v e r a l  g roups  o f  r o c k s  and 
g l a s s e s .  
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L U N A R  R O C K S  AND G L A S S E S  . . . . .  
A .  C a r u s i ,  e t  a l .  

Using this method for  the different samples zones, it is also possible to 
obtain informations on the relationship between the distribution of samples 
and surfacial lithology. 

(1) Laboratory of Spatial Astrophysics, Frascat i  - Rome. 
( 2 )  Institute of Geochemistry, University of Rome. 
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Fig. 1 Clustering of Apollo 11, 12, 14 lunar samples 
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LUNAR R O C K S  AND GLASSES ..... 
A.  Carus i ,  e t  a l .  

Tab. 1 

***************************************************************** 
* : :  . . * : + : TI02 : . : : 0.25 : . * * : :  . . . . * WGO :**...*............................ma*.* 50.52% 
* : :  . . . * * : : CAO : SL02 : FEO : NA20 : * 
* : - : -0.94 : -0-69 : -0ei8 : 'O*13 : * 
* : :  . * 
................................................................. 
* : : . . 
* : + : TI02 : CAO : SIO2 : 
a : : 0.96 : 0.39 : 0.12 : • a 
* . . . . * * ALzQ~ : . * . . . . . . . . . . . . * . . . . . . . . . . . e . . . . . . e . . . r .  32.991 : * . . . . 
* : : FEO : * 
* : - : -0.98 : * 

* : :  . . * 
: + : NA20 : 51102 : * . . * 
: : 0.92 : 0.41 : . * . . . * . 

* K20 : . . . . . . . . . . . . . . . . . . u . . s . . m . . . * w . * * . . . .  • • 13w84I * 
* . . . . 

: : 1102 : cAO : FEC : . * 
* : - : -0.46 : -0.21 : '0*14 : : . . . . . ***************************************************************** 

Tab. 2  

Basalt 

Norite 

Anorthosite 

Apollo miss  ion 

Pyroxenit e 1 4  

Groups number 
Rock Glass 

Chem Norm Chem 
1 - 2 - 3  1 - 2 - 3  3  

1  1  1 
3 3 2 - 5 

Correspondence between rock and glass groups 
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