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Lunar s o i l s  i n  t h e  mare bas ins  have composi t ions t h a t  a re  more aluminous 
than the  l o c a l  mare b a s a l t s .  The aluminium excess r e f l e c t s  t h e  admix ture  o f  
m a t e r i a l  more a1 uminous (more f e l d s p a t h i c )  than t h e  r e t u r n e d  mare basal  t 
samples. One source o f  t h i s  m a t e r i a l  i s  undoubtedly t h e  h i g h l y  f e l d s p a t h i c  
rocks  f rom t h e  l u n a r  h igh lands.  We suggest t h a t  a  second source may be mare 
b a s a l t s  w i t h  h i g h e r  A1 and lower  Fe than most o f  t h e  r e t u r n e d  mare b a s a l t  
samples. A1 uminous mare basal  t s  may be p resen t  a t  seve ra l  s i t e s  and may be a  
common l u n a r  r o c k  type.  Evidence f o r  t h e  ex i s tence  o f  aluminous mare b a s a l t s  
i s  p rov ided  by  b a s a l t  samples a t  t h e  A p o l l o  12 and 14 s i t e s ,  by  b a s a l t  f r a g -  
ments a t  t h e  Luna 16 s i t e  and by g l a s s  compos i t ions  a t  each mare s i t e .  These 
samples a re  desc r ibed  below and evidence t h a t  t hey  a r e  n o t  secondary m e l t s  i s  
presented.  

The b a s a l t  samples a r e  t h e  o p h i t i c  b a s a l t  12038, t h e  s u b o p h i t i c  b a s a l t s  
14053 and 14072 and t h e  b a s a l t i c  c l a s t s  i n  14321. F igu res  1  and 2  show t h a t  
those samples fo rm a  group d i s t i n c t  f rom t h e  o t h e r  mare b a s a l t  samples. 
B a s a l t  f ragments f rom Luna 16 p l o t  w i t h  t h e  h i g h  A1 group as do p r e f e r r e d  
g lass  compos i t ions  f rom t h e  mare s o i l s .  The a1 uminous mare basal  t s ,  r e l a t i v e  
t o  o t h e r  mare basal  t s  have 1  ower Ca/A1 r a t i o s  ( c l o s e  t o  m e t e o r i t i c ) ,  1  ower Fe 
b u t  comparable Mg/Fe r a t i o s  and h i g h e r  S i .  T i02 v a r i e s  f rom 2 t o  5  wt .  per -  
c e n t  (Table 1  ) .  Large i o n  l i t h o p h i l e  t r a c e  element abundances a r e  h i g h  (e.g. 
Ba) and s i d e r o p h i l e  t r a c e  elements low. REE abundances a r e  50 t o  80 t imes 
c h o n d r i t i c  b u t  w i t h  Sm/Eu r a t i o s  l ower  than f o r  mare b a s a l t s  w i t h  comparable 
t o t a l  REE abundances (Table 2 ) .  

Pyroxene i s  t h e  major  m ine ra l  w i t h  a  wide range o f  p i g e o n i t e  and a u g i t e  
composi t ions , T i  /A1 near 0.5, extreme Fe-enr i  chment and no or thopyroxene.  
Pyroxenes more magnesian than Mg/Mg+Fe 0.7 a r e  r a r e ,  i n  c o n t r a s t  t o  o t h e r  
l u n a r  b a s a l t s .  Fe ldspar  i s  more abundant than i n  most mare b a s a l t s  and i s  
mos t l y  a n o r t h i t i c  b u t  ranges f rom Ang7 t o  An75.  A v a r i e t y  o f  01 i v i n e  compo- 
s i t i o n s  a r e  found (Fo 76 t o  43) w i t h  Fo 65 most abundant; h i g h  Mg v a r i e t i e s  
a r e  ve ry  r a r e .  I n  comparison t o  o t h e r  mare basal t s  t h e  C r  con ten t  i s  low (0.1 
wt .  pe rcen t ) ,  o n l y  s l i g h t l y  h i g h e r  than i n  o l i v i n e s  f rom h igh land  rocks .  
Opaque phases a r e  i l m e n i t e  and l e s s e r  chrome s p i n e l  and t r o i l i t e .  M e t a l l i c  
i r o n  i s  r a r e  and i s  low i n  i4i. Exper imental  s t u d i e s  on these compos i t ions  
i n d i c a t e  somewhat lower  l i q u i d u s  temperatures than most mare b a s a l t s ,  w i t h  a  
narrow temperature range f o r  t h e  p r e c i p i t a t i o n  o f  t h e  major  s i l i c a t e  phases 
( p l  ag i  o c l  ase , 01 i v i  ne, pyroxene).  Sample 12038, f o r  exampl e, was shown t o  be 
a  low pressure,  r e l a t i v e l y  low temperature,  c o t e c t i c  l i q u i d  (1  1. 

Surveys o f  g lass  compos i t ions  i n  mare s o i l s  have shown t h a t  g lasses w i t h  
t h e  composi t ion o f  t h e  dominant mare b a s a l t  samples a re  r a r e  and t h a t  a t  each 
s i t e  t h e r e  i s  a  prominent  g lass  group w i t h  t h e  compos i t ion  o f  t h e  aluminous 
mare b a s a l t s  (Tab le  3) .  The h i g h  A1 con ten t  o f  these mare glasses must be 
due, i n  p a r t ,  t o  the  m ix ing  o f  F e - r i c h  mare b a s a l t  w i t h  more aluminous 
m a t e r i a l .  The g lass  data  a r e  a l s o  c o n s i s t e n t  w i t h  t h e  hypothes is  t h a t  t h e  
l a r g e r  samples may n o t  adequately rep resen t  t h e  mare b a s a l t  p o p u l a t i o n  and 
t h a t  aluminous mare b a s a l t s  a re  common rock  types i n  the  mare bas ins  ( 2 ) .  
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A1 umi nous mare basal t s  range i n  age from 3.28 A E  f o r  12038 through 3.42 
f o r  a Luna 16 fragment t o  3.99 f o r  14053. The b a s a l t  component in  14321 has 
been dated a t  4.05 and i s  probably pre-Imbrian. 

Several regions  of t h e  Moon apparen t ly  conta in  aluminous mare b a s a l t s ,  
e .g .  Mare F e c u n d i t a t i s ,  Oceanus Procel larum. Mare Crisium and p a r t s  of Mare 
Nubium have Al/Si r a t i o s  t h a t  may i n d i c a t e  s i m i l a r  m a t e r i a l .  The low Ni con- 
t e n t  and low s i d e r o p h i l e  element con ten t  of a t  l e a s t  some of these  b a s a l t s  
r u l e s  o u t  s u b s t a n t i a l  m e t e o r i t i c  contamination and o r i g i n  of these  rocks by 
impact me1 t i n g  of t h e  l u n a r  r e g o l i t h .  The high Cr con ten t s  a r e  incompatible 
with ex tens ive  near  s u r f a c e  f r a c t i o n a t i o n  involving pyroxene. In termediate  
i n  composition between t h e  mare b a s a l t s  and highland rocks ,  t h e  aluminous 
mare b a s a l t s  may be primary mel ts  der ived from a source  region t r a n s i t i o n a l  
between t h e  aluminous lunar  c r u s t  and a mafic lunar  mantle.  The mare b a s a l t s  
sampled by t h e  Apol l o  missions may r e p r e s e n t  t h e  h ighes t  l e v e l s  and youngest 
por t ions  of mare f i l l i n g .  Aluminous mare b a s a l t s  though r a r e  a s  s u r f a c e  
samples, may be important in  t h e  t o t a l  volume of mare f i l l .  

Figure 1 .  FeO-MgO and Fe0-A1203 p l o t s  of aluminous mare b a s a l t s  ( s q u a r e s ) .  
Circ led a r e a s  d e f i n e  t h e  compositional f i e l d s  of mare b a s a l t s  from d i f f e r e n t  
Apol 1 o mi s s i  ons . Diamonds r e p r e s e n t  t h e  averages of p re fe r red  gl a s s  compo- 
s i t i o n s  in  mare s o i l s .  
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Table 1. Compositions of aluminous mare basal t s .  

14 , , , l4 4 6 1 12 14 16 18 
4 16 18 wt.  4 "'2'3 

18 
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16 

12038 14053 14072 14321 , b a s a l t  Luna 16 b a s a l t  
46.56 46.18 45.15 48.06 45.50 43.8 

3.31 2.94 2.57 2.42 4.04 4 .9  
12.53 12.84 11.07 11.91 13.95 13.65 
0.27 0.26 0.51 0.21 

17.99 17.09 17.82 15.31 17.77 19.35 
0.27 0.26 0.27 0.26 0.20 
6.71 8.59 12.16 9.42 5.95 7.05 

11.62 11.18 9.84 10.87 11.96 10.4 
0.66 0.44 0.32 0.64 0.63 0.38 
0.77 0.11 0.08 0.18 0.21 0.15 
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Table 2. Se lec ted t r a c e  elements i n  aluminous mare b a s a l t s .  

14053 14072 14321 , basal  t Luna 16 

13.0 8.7 28 29 
34.5 2 7 84 2 9 

3.3 12 
21.9 13 4 6 27.4 

6.56 4.4 14 8.23 
1.21 1 .OO 1.50 2.2 
8.59 5.9 17 10.4 

.91 2.5 
10.5 6.1 15 

1.8 3.7 
6.51 4.6 9.8 5.95 

.78 1.5 
6.00 4.0 7.7 5.4 

3 8 74 
0.75 

98 108 120 30 3 
146 128 280 21 5 

2.19 1.4 5.7 2.1 
.60 

Table 3. P r e f e r r e d  compos i t ions  o f  mare g lass  groups. 

M iss ion  11 12 15 17 

S i  02 40.2 43.7 45.70 48.22 
T i  02 7.2 3.3 1.60 1.09 
A1 203 13.2 13.2 12.39 12.93 
Cr203 .33 .37 
FeO 16.5 16.5 15.83 15.55 
MgO 8.5 9.9 11.72 8.69 
CaO 12.0 11.1 10.41 12.38 
Na2O 0.3  0.2 .30 .45 
K2 0 0.10 0.16 .10 .02 
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