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This abstract describes the synthesis of a large body of data on the 

composition and characteristics of the lunar mare basalts. The goals 

of this study were to identify the number of distinct magma units pre- 

sent at each mare landing site; to determine which of the basalt sam- 

ples came from each of these units; and to estimate the major oxide 

and trace element composition of the parental magmas of each of these 

units. The results of this synthesis are a considerable extension of 

those presented in an earlier paper by one of the authors (1). 

In order to facilitate the handling and analysis of the available 

data, we make use of a computer based data library in which we have 

stored most of the existing major oxide, trac-e element, age etc. data 

on the analysed mare basalts. These data stem from the general lunar 

literature (e,g. Proceedings and abstracts of the ~unar Sci. Conf., 

JGH, Earth Plant. Sci. Lett., etc.). 

In order to identify the lava units and the rocks which came from each 

unit , we 
(i) used the results of (1) and other investigators (e.g. 2 , 3 , 4 )  as a 

basic guide for our analysis; 

(ii) plotted the appropriate data in pseudo-ternary phase diagrams for 

the 01, An, (Qtz system and in pseudo-quaternary phase diagrams for the 

01, An, ntz, Cp and 01, An, 2tz, Ilm systems and in a variety of oxide 

vs oxide, oxide vs Tvlgt =I00 ~ g ,  (~g+F'e), trace element vs oxide, etc. 

diagrams ; 

(iii) used the petrological description of the samples. 

After the rock units were defined, the composition of the ori- 

ginal magma of each unit was estimated using one of two methods. 

1) Vitropheric or holohyaline rocks, if available, were taken as repre- 

sentatives of the original magmas, since, as is accepted (e.g. 5,l) 
they have cooled quickly without significant differentiation. 
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2 )  :!/hen no g l a s s y  r o c k s  a r e  a v a i l a b l e  f o r  a  u n i t  t h e  magma composi t ion  

was assumed t o  be equa l  t o  t h e  ave rage  of a l l  t h e  r o c k s  of t h e  u n i t .  

I n  t he  c a s e s  where v i t r o p h e r i c  and n o n v i t r o p h e r i c  rocks  a r e  

a v a i l a b l e ,  we f i n d  t h a t  t h e  composi t ion  of t h e  magmas de r ived  by me- 

thods  1 )  and 2 )  a r e  e s s e n t i a l l y  i d e n t i c a l .  

The r e s u l t s  of t h e  s y n t h e s i s  can be summarized a s  f o l l o w s :  

The APOLLO 11 b a s a l t s  i n c l u d e  two w e l l  de f ined  u n i t s ,  a  h igh  K and a  

low 1: u n i t ,  and 3 p o o r l y  d e f i n a b l e  u n i t s .  Desp i t e  t h e  f a c t  t h a t  t h e  

h i g h  K p o i n t s  i n  t l-e v a r i o u s  diagrams show a  r e l a t i v e l y  l a r g e  s c a t t e r ,  

t h e  c u r r e n t l y  a v a i l a b l e  d a t a  a r e  c o n s i s t e n t  wi th  t h e  i n t e r p r e t a t i o n  

t h a t  a l l  h i g h  K b a s a l t s  came from one l a v a  u n i t .  I n  t h e  c a s e  of t h e  low 

K b a s a l t s ,  which a r e  of a  much b e t t e r  q u a l i t y  t h a n  t h e  h igh  K p o i n t s ,  

t h e  sugges t ion  i s  made t h a t  5 of t h e  samples came from one f low u n i t  

and  t h e  t h r e e  remain ing  samples came from t h r e e  a d d i t i o n a l  f lows.  The 

APOLLO 11 r e d  g l a s s e s  ( 6 )  may most probably  r e p r e s e n t  a  s i x t h  u n i t , b u t  

cannot  be a s  w e l l  d e f i n e d  a s  t h e  g reen  and orange g l a s s e s  a t  t h e  APOL- 

LO 1 5  and 1 7  s i t e s  because of t h e  smal l  amount of t h e  m a t e r i a l .  

The m a j o r i t y  of  APOLLO 1 2  b a s a l t s  form two d i s t i n c t  o l i v i n e  b a s a l t  

f lows.  A t h i r d  u n i t  i s  r e p r e s e n t e d  by two h igh  A l - b a s a l t  samples.  

The APOLLO 15  b a s a l t  samples  came from f o u r  w e l l  d e f i n e d  magma u n i t s  

and t h r e e  poor ly  d e f i n e d  u n i t s .  The f o u r  w e l l  d e f i n e d  u n i t s  c o n s i s t  of 

two o l i v i n e  microgabbro u n i t s ,  a n  o l i v i n e  p h y r i c  and a  pyroxene p h y r i c  

u n i t  as desc r ibed  i n  p a r t  by ( 2 )  based on t h e  p e t r o l o g i c a l  c h a r a c t e r i s -  

t i c s  o f  t h e  b a s a l t s .  Bes ides  t h e s e  u n i t s  t h e r e  a r e  t h r e e  a d d i t i o n a l  ba- 

s a l t  samples which may each r e p r e s e n t  an  independent  f low uni t .The  p a  

g l a s s  r e p r e s e n t s  a n  a d d i t i o n a l  magma u n i t  with a  w e l l  de f ined  composi- 

t i o n .  A high  Ti02  r e d  g l a s s  ( 7 )  may be de r ived  from a n  independent  vo l -  

c a n i c  e r u p t i o n  and r e p r e s e n t s  an i d e n t i f i a b l e  but  a s  y e t  poor ly  d e f i n e d  

magma a t  t h e  APOLLO 1 5  s i t e .  

The APOLLO 17 mare b a s a l t s  f a l l  i n t o  f o u r  d i s t i n c t  and two poor ly  de- 

f i n e d  composi t iona l  groups .  A l l  of t h e s e  u n i t s  a r e  i l m e n i t e  r i c h  and 

have ve ry  s i m i l a r  composi t ion.  The APOLLO 17 orange g l a s s e s  a r e  r e g a r -  
ded t o  r e p r e s e n t  a  s e v e n t h  d i s t i n c t  magma type  found a t  t h e  s i t e .  
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The a n a l y s i s  of t h e  LUNA 1 6  and 24 samples i s  hampered by t h e  f a c t  t h a t  

t h e  samples a r e  b a s i c a l l y  f i n e s .  However, i t  appea r s  t h a t  t h e  samples 

from t h e s e  two s i t e s  r e p r e s e n t  a t  l e a s t  f i v e  magma types ,  which a t  pre-  

s e n t  a r e  ve ry  poor ly  de f ined .  

Thus, t he  r e t u r n e d  samples can  be used t o  i d e n t i f y  some 32 magma u n i t s ,  

14 of which a r e  c o m p o s i t i o n a l l y  w e l l  de f ined .  
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