
APOLLO 16: FURTHER EVIDENCE FOR VITRIFICATION DARKENING OF LUNAR 
SOILS. John B. Adams, West I n d i e s  Labora tory ,  F a i r l e i g h  D ick inson  Un ive r -  
s i t y ,  S t .  C r o i x ,  U.S.V.I. 00820; and Thomas B. McCord, Department o f  E a r t h  
and P l a n e t a r y  Sciences, M. I .T., Cambridge, Mass. 021 39. 

Spec t ra l  r e f l e c t a n c e  measurements have been made o f  s i x  s o i l  samples 
f rom A p o l l o  16. The s o i l s  appear t o  be r e p r e s e n t a t i v e  o f  t h e  main types 
t h a t  were encountered a t  t h e  s i t e .  The gray  s o i l  t h a t  i s  t y p i c a l  o f  t h e  
area near  t h e  Apol l o  16 LM i s  v e r y  s i m i l a r  t o  t h e  Luna 20 s o i l  (1 ) ,  b u t  has 
a  s l i g h t l y  h i g h e r  a1 bedo than  t h e  common s o i l s  a t  t h e  A p o l l o  14 s i t e  and a t  
t h e  A p o l l o  15 Appenine f r o n t .  L i g h t  g ray  s o i l s  f rom t h e  r a y  c r a t e r s ,  o r  
t h a t  were encountered a t  depth,  have h i g h e r  a1 bedos than  any s o i l s  p r e v i o u s l y  
re tu rned ,  w i t h  t h e  e x c e p t i o n  o f  Cone C r a t e r  (Apol l o  14 ) .  The high-a1 bedo 
s o i l s  show w e l l  developed pyroxene a b s o r p t i o n  bands near 0.94 um and 2.1 pm, 
whereas t h e  more t y p i c a l  d a r k e r  s o i l s  have subdued bands a t  t h e  same wave- 
1  engths . 

The d a r k e r  s o i l s  a r e  v e r y  s i m i l a r  c h e m i c a l l y  t o  t h e  l i g h t e r  s o i l s  ( 2 ) .  
The da rke r  s o i l s ,  however, have a  n o t a b l y  h i g h e r  p o p u l a t i o n  o f  dark ,  g l a s s y  
a g g l u t i n a t e s  (3 ) .  As a t  o t h e r  s i t e s  on t h e  moon t h e  development o f  t h e  
a g g l u t i n a t e s  ( th rough  micrometeoro id  bombardment) depresses t h e  a1 bedo of 
t h e  s o i  1  , and subdues t h e  s p e c t r a l  c o n t r a s t ,  t he reby  weakening t h e  pyroxene 
a b s o r p t i o n  bands. A t t e n u a t i o n  o f  l i g h t  occurs  w i t h i n  t h e  a g g l u t i n a t e s  
t h  ough e l e c t r o n i c  (1 a r g e l y  c h a r g e - t r a n s f e r )  abso rp t i ons  i n v o l v i n g  ~ i 3 +  and 
Fe5+ i o n s  i n  t h e  g lass  phase and i n  t h e  opaque m i n e r a l s  ( l a r g e l y  i lmeni  t e ,  
and t o  a  l e s s e r  e x t e n t ,  f r e e  i r o n ) .  

The e f f e c t  o f  a g g l u t i n a t e s  on t h e  o p t i c a l  p r o p e r t i e s  i s  i l l u s t r a t e d  
by  samples 61221 and 61241 which  are ,  r e s p e c t i v e l y  1 i g h t  and da rk  s o i l s  
f rom a  t r e n c h  sample. The da rk  s o i l  o v e r l i e s  t h e  1  i g h t e r  one and p robab ly  
has been d e r i v e d  f rom i t  by exposure a t  t h e  l u n a r  s u r f a c e  ( 2 ) .  Both s o i l s  
a r e  though t  t o  have been d e r i v e d  f rom Nor th  Ray Cra te r .  Analyses r e p o r t e d  
by LSPET (2 )  are :  61220---Si02 45.35, T i 0  0.49, A1 0  28.25. FeO 4.55, 
MnO 0.06, MgO 5 . 0 2 m  16.21; 6 1 2 4 0 - - - ~ i 6 ~  45.32, ? id2  0.57, 27.15, 
FeO 5.33, MnO 0.07, MgO 5.75, ~ d O . 6 9 .  

A g g l u t i n a t e s  were separated f rom t h e < 2 5 0  gm f r a c t i o n s  o f  bo th  s o i l s  
m a g n e t i c a l l y ,  t a k i n g  advantage o f  t h e  f a c t  t h a t  t h e  dark  g lassy  fragments 
c o n t a i n  dus ty  i n c l u s i o n s  o f  i l m e n i t e ,  m e t a l i c  i r o n  and o t h e r  opaque phases. 
The da rke r  s u r f a c e  s o i l  y i e l d e d  43.6 w t  .% a g g l u t i n a t e s  whereas t h e  1  i g h t e r  
subsur face s o i l  y i e l d e d  12.5 wt,%. The magnet ic  f r a c t i o n s  a re  cons ide rab ly  
da rke r  than t h e  r e s p e c t i v e  p a r e n t  s o i l s .  The non-magnetic f r a c t i o n  of t h e  
da rke r  su r face  s o i  1  (61 241 ) c l o s e l y  approached t h e  a1 bedo o f  t h e  b u l  k 
subsurface s o i l  (61221) which has a  r e f l e c t a n c e  o f  .37 a t  .55 pm, s u p p o r t i n g  
t h e  ideas t h a t  t h e  s u r f a c e  s o i l  was d e r i v e d  f rom t h e  subsurface one, and 
t h a t  f o r m a t i o n  o f  t h e  da rk  g lass  i s  a  p r imary  mechanism f o r  darken ing a t  
t h e  l u n a r  su r face .  These r e s u l t s  a r e  i n  accord w i t h  p rev ious  conc lus ions  
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by Adams and McCord (4, 5 )  and by  Nash and Cone1 (6, 7 ) .  

Re f lec tance  curves o f  t h e  non-rayed A p o l l o  16 surface s o i l  c l o s e l y  
match t h e  earth-based t e l e s c o p i c  curves of a 10 km area which inc ludes  the  
l a n d i n g  s i t e  (8) .  The mature A p o l l o  16 s o i l  ( a g g l u t i n a t e - r i c h )  appears t o  
be t y p i c a l  o f  t h e  mature s o i l s  observed i n  a l l  o t h e r  h igh land  areas, imp ly -  
i n g  t h a t  t h e  same darken ing process i s  a f f e c t i n g  t h e  e n t i r e  moon. The h igh-  
lands,  however, darken l e s s  than t h e  mar ia,  because h igh land  m a t e r i a l s  
c o n t a i n  s u b s t a n t i a l l y  l e s s  i r o n  and t i t a n i u m  than do t h e  mare b a s a l t s .  
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