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Composition 
Ol iv ine  phenocrysts  i n  a  s e c t i o n  (#A-14306,6) of b r e c c i a  range i n  compo- 

s i t i o n  widely between F o ~ ~  and FogO (Table I ) ,  i n  c o n t r a s t  wi th  those  from 
Apollo 11 and 12 rock  samples which ranged between Fo70 and Fo75. However, 
t h e  iron-poor o l i v i n e s  of t h i s  rock c o n t a i n  r e l a t i v e l y  h igh  concen t ra t ions  of 
C r  (approximately 0.3 weight per c e n t  Cr2O3) a t t e s t i n g  t o  t h e i r  having c r y s t -  
a l l i z e d  under s i m i l a r l y  low oxygen f u g a c i t i e s .  These d a t a  suggest  t h e  e x i s t -  
ence of precursor  rocks ,  which were lower i n  i r o n ,  and perhaps were more p r i m -  
i t i v e  d i f f e r e n t i a t e s  than  those  of Apollo 11 and 12. F u r t h e r  d a t a  on s e l e c t e d  
c r y s t a l s  w i l l  be  needed t o  confirm t h i s  i n t e r p r e t a t i o n .  

Large, subhedra l  o l i v i n e  phenocrysts  from Apollo 15 rock 15555 a r e  more 
Fe- r i ch  than  Apollo 11, 12, and 14 phenocrysts .  Previous  composi t ional  meas- 
urements on lunar  o l i v i n e  phenocrysts  have i n d i c a t e d  normal chemical zoning 
of Fe and Mg, wi th  Mg/Fe dec reas ing  a t  t h e  g r a i n  margins o r  remaining con- 
s t a n t ,  b u t  s e v e r a l  g r a i n s  i n  t h e  s e c t i o n  s t u d i e d  (#155555,37) a r e  r e v e r s e l y  
zoned. R e l a t i v e l y  Fe- r i ch  cores  (Fo40) of t h e s e  abnormal phenocrysts  grade 
i n t o  Mg-rich margins (Fo60). Other smal le r  o l i v i n e  phenocrysts  i n  t h e  rock 
a r e  euhedral  and a r e  no t  zoned. It i s  very  l i k e l y  t h a t  both  types  of o l i v i n e  
phenocryst  i n  t h i s  rock c r y s t a l l i z e d  on or  immediately below t h e  l i q u i d u s ,  
b u t  the  composi t ional  d i f f e r e n c e s  would imply t h a t  t h e  r e v e r s e l y  zoned c rys -  
t a b w e r e  i n h e r i t e d  from an e a r l i e r  s t a g e  of the  process.  A process of ad ia -  
b a t i c  r e l e a s e  of p r e s s u r e  of 1-10 k i l o b a r s ,  o r  of a  temperature  r i s e  from t h e  
en tha lpy  of c r y s t a l l i z a t i o n  a t  t h e  lunar  s u r f a c e ,  could have caused t h e  ob- 
served zoning. Two s t a g e s  of c r y s t a l l i z a t i o n  a r e  implied--one f o r  t h e  l a r g e  
r e v e r s e l y  zoned o l i v i n e s ,  t h e  o t h e r  f o r  t h e  smal le r  euhedra l  ones. 

Spec t ra  
The c r y s t a l  f i e l d  s p e c t r a  of ~ e ~ +  i n  c r y s t a l s  of o l i v i n e  and pyroxene 

from b r e c c i a s ,  rocks ,  and f i n e  f r a c t i o n s  ( l e s s  than  1 mm) of Apollo 12, 14, 
and 15 samples a r e  t y p i c a l  of ~ e ~ +  bands i n  o c t a h e d r a l l y  coord ina ted  s i t e s  
(Figures  1, 2, 3 ) .  However, unusual  bands a r e  observed a t  ene rg ies  between 
25 000 and 15,000 wave numbers. These a r e  thought t o  be caused by ~ i ~ +  and 
3+ Fe . Although t h e  c a l c u l a t e d  assignments do not  provide unique s o l u t i o n s ,  

they  suppor t  t h e  chemical evidence f o r  t h e  e x i s t e n c e  of t h e s e  s p e c i e s  i n  
lunar  c r y s t a l s .  

The g l a s s  p a r t i c l e s  which a r e  colored reen,  yellow, and red ,  behave d i f  
f e r e n t l y  than t h e  c r y s t a l s ,  i n  t h a t  t h e  Fe2' bands a r e  n e a r l y  i d e n t i c a l ,  r e -  
g a r d l e s s  of co lo r .  The c o l o r s  a r e  caused by s t r o n g  a b s o r p t i o n  i n  t h e  u l t r a -  
v i o l e t ,  t h e  s l o p i n g  edge of which converges toward t h e  v i s i b l e  range wi th  
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v a r i a b l e  i n t e n s i t y .  The remarkably c o n s t a n t  i n f r a r e d  a b s o r p t i o n  and t h e  
e f f e c t s  of t h e  u l t r a v i o l e t  a b s o r p t i o n  edge of t h e s e  g l a s s e s  may c o n t r i b u t e  
t o  the  uniform r a d i a t i v e  and a lbedo p r o p e r t i e s  of t h e  lunar  s u r f a c e .  

F igure  4  shows a b s o r p t i o n  s p e c t r a  f o r  a  n e a r l y  c o l o r l e s s  g l a s s  spheroid ,  
low i n  both Fe and T i .  F igure  5 shows a  green g l a s s  p a r t i c l e  w i t h  a  h igh Fe 
con ten t ,  and F igure  6  a  r e d  fragment wi th  bo th  h igh  Fe and T i .  In te rmedia te  
amounts of T i  cause  brown c o l o r s .  

The a b s o r p t i o n  c o e f f i c i e n t  f o r  t h e  s t r o n g  ~ e ~ +  band cen te red  s l i g h t l y  
above 1000 nm i s  p l o t t e d  a g a i n s t  weight per  c e n t  FeO f o r  s e v e r a l  g l a s s e s  i n  
F igure  7. The c o r r e l a t i o n  i s  s u f f i c i e n t  t o  provide  a  good b a s i s  f o r  s p e c t r a l  
i n t e r p r e t a t i o n .  

P l o t t e d  i n  F igure  8  i s  t h e  wavelength ( A )  of t h e  a b s o r p t i o n  minimum 
between t h e  T i  edge and t h e  Fe band, versus  the  weight per c e n t  Ti02. The 
s c a l e  f a c t o r s  were chosen s o  a s  t o  spread t h e  v e r t i c a l  a x i s .  The s c a t t e r  i s  
r e l a t e d  t o  t h e  ~ i ~ + / ~ i ~ +  r a t i o ,  a  l i m i t i n g  v a l u e  f o r  a  lunar  oxygen f u g a c i t y  
being given approximately by t h e  dashed l i n e .  A family  of curves ,  each f o r  
a  f i x e d  oxygen f u g a c i t y ,  could be superimposed i f  they were known. A l i n e  
c l o s e  t o  t h e  v e r t i c a l  a x i s  would correspond t o  a l l  T i  a s  ~ i ~ + .  The es t ima ted  
range of oxygen p ressures  f o r  t h e s e  g l a s s e s  i s  1 0 - ~ - 1 0 - l ~  atmospheres. 

T a b l e  1. O l i v i n e  C r y s t a l s  from Breccia  14306 (Analyses by e l e c t r o n  microprobe) 

Weight Grain  Designat ions  
pe rcen t  15 6 I 10 2  4  12 9  3 

FeO 10.05 11.37 24.67 15.57 18.76 18.36 26.30 10.43 20.44 
MgO 48.46 47.42 36.70 43.67 40.73 41.55 34.39 46.11 39.21 
S i02  42.19 41.72 38.86 40.75 39.84 40.12 38.26 41.13 39.71 
Cr203 0.40 0.42 0.35 0.32 0.33 0.31 0.33 0.37 0.34 

T o t a l  101.1 100.93 100.58 100.31 99.66 100.34 99.28 98.04 99.70 

Figures  1-8. Opt ica l  va lues  ( s e e  t e x t  f o r  d i s c u s s i o n ) .  
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