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M i x i n g  models can be used t o  understand t h e  e v o l u t i o n  o f  r e g o l i t h s  and 
b recc ias .  The compos i t ion  o f  s o i  1s and b recc ias  depends on t h e  a v a i l a b i l i t y  of 
t h e  r o c k  types a t  a  c e r t a i n  t ime,  l o c a t i o n ,  and t h e  i n t e n s i t y  o f  t he  p l a n e t s i -  
ma1 bombardment. The p o s s i b i l i t y  t h a t  VHA b a s a l t  (1 ) and Low K  F ra  Mauro ba- 
sa l  t ( 2 )  (LK-FM) a r e  m i x t u r e s  was i n v e s t i g a t e d  us ing  t h e  pub l i shed  chemical 
compos i t ion  o f  these rocks  and a  weighted leas t -squares  mi x i  ng model techn ique 
(3,4) .  There a r e  d i f f i c u l t i e s  i n  genera t i ng  these rocks  by d i f f e r ~ n t i a t i o n .  As 
shown i n  f i g u r e  1, VHA and LK-FM have ve ry  s i m i l a r  r e l a t i v e  concen t ra t i ons  
p a t t e r n s  f o r  U, Ba, Ce, Sm and Yb t h a t  a re  a lmost  i d e n t i c a l  t o  t h e  p a t t e r n  
found i n  KREEP. It i s  d i f f i c u l t  t o  generate t h i s  p a t t e r n  by d i f f e r e n t  degrees 
o f  p a r t i a l  me1 t i n g  f rom t h e  same source ( 5 ) .  A l so  t h e  m a j o r i t y  o f  these sam- 
p l e s  have cons ide rab le  amounts o f  m e t e o r i t i c  contaminat ion  ( 6 ) .  One simp1 e  way 
t o  generate these rocks  would be t o  mix KREEP w i t h  o t h e r  r o c k  types t h a t  have 
r e l a t i v e l y  low concen t ra t i ons  o f  U, Ba, Ce, Sm and Yb. The r e s u l t s  o f  t h e  mix-  
i n g  model c a l c u l a t i o n s  u s i n g  t h e  pub l i shed  a n a l y s i s  o f  up t o  27 elements show 
t h a t  i t  i s  n o t  p o s s i b l e  t o  genera te  these r o c k  t ypes  by us ing  o n l y  mare ba- 
sa l  t s ,  "ano r thos i  t e s " ,  KREEP, m e t e o r i t i c  component (met) ,  and g r a n i t e  ( g r )  . 
Another p o s s i b l e  r o c k  t ype  i s  d u n i t e  and has been found o n l y  i n  smal l  amounts 
(7,8,9). I f  d u n i t e  i s  i n c l u d e d  as another  component, then t h e  m i x i n g  model 
c a l c u l a t i o n s  ( f i g u r e  2)  show t h a t  i t  i s  p o s s i b l e  t o  generate VHA, LK-FM and 
o t h e r  r o c k  types by  m i x i n g  d u n i t e ,  " a n o r t h o s i t e " ,  and KREEP. There i s  an ap- 
prox imate  t r e n d  1  i n e  between KREEP and ( s p i n e l  ) t r o c t o l  i t e  (1  0 ) .  (Sp ine l  ) 
t r o c t o l i t e  can be a  m i x t u r e  between " a n o r t h o s i t e "  and d u n i t e ,  b u t  t h e  t r e n d  
1  i n e  suggests t h a t  ( s p i n e l  ) t r o c t o l i t e  i s  a  r o c k  t y p e  and n o t  a  m i x t u r e .  The 
d e v i a t i o n s  from t h e  t r e n d  l i n e  c o u l d  be caused by sampling e r r o r s  and/or t h e  
v a r i a b l e  compos i t ion  o f  t h e  ( s p i n e l  ) t r o c t o l  i t e s .  I n  conc lus ion  i t  appears 
t h a t  i t  i s  p o s s i b l e  t h a t  t h e  h igh lands  a r e  "contaminated" w i t h  KREEP, and t h a t  
duni  t e  and/or  ( s p i n e l  ) t r o c t o l  i t e  a r e  s i  g n i f i  c a n t  r o c k  types.  
A p o l l o  15 reg01 i t h  and b r e c c i a .  The most-abundant component i n  t h e  Apennine 
f r o n t  i s  t h e  brown-glass m a t r i x  b r e c c i a  (1  1,12). The chemical compos i t ion  o f  
t h i s  b r e c c i a  i s  ve ry  s i m i l a r  t o  t h e  compos i t ion  o f  s o i l  15101 and. has s l i g h t l y  
h ighe r  concen t ra t i ons  o f  T i ,  Fe, and K  than LK-FM 15 ( 2 ) .  As shown i n  f i g u r e  2  
LK-FM can be modeled as a  m i x t u r e  o f  about  18% KREEP+17% Dunite+62% "Anor thH+ 
0.8%gr. P r e l i m i n a r y  m i x i n g  model c a l c u l a t i o n s  on s o i l  15101 and o t h e r  A p o l l o  
15 b recc ias ,  suggest  t h a t  t h e  brown g lass -mat r i x  breccia=LK-FM 15*15% Mare+ 
~ 1 0 %  green g lass+(va r iab le )KREE~.  T h i s  may be an example o f  b r e c c i a  and rego- 
1  i t h  e v o l u t i o n  where we s t a r t  w i t h  a  r a t h e r  " o l d  b r e c c i a "  (LK-FM) and o t h e r  
components a r e  added p r o g r e s s i v e l y .  
A p o l l o  16 samples. M i x i n g  model c a l c u l a t i o n s  were performed on 9  A p o l l o  16 
samples us ing  t h e  pub l i shed  chemical  a n a l y s i s  o f  about 26 elements (Tab le  I). 
A f t e r  t h e  "Anor th"  component, t h e  most s i g n i f i c a n t  component appears t o  be 
KREEPy 16 (average o f  6501 5, 6031 5  and 62235). KREEPy 16 as shown i n  f i g u r e  2 
can be modeled as a  m i x t u r e  o f  about  51% KREEP+34% "Anor thU+l5% Dunite+O.g%gr. 
The 1  owest amount o f  KREEPy 16 was f rom t h e  s o i  1  s  f rom Nor th  Ray c r a t e r  (67601 , 
67461 ) and r o c k  6841 5. Sample 68415 con ta ins  m e t e o r i t i c  contaminat ion  ( 6 )  and 
g i ves  a  ve ry  good f i t  as a  p o s s i b l e  m i x t u r e .  Simple m i x t u r e s  o f  VHA+"Anorth"+ 
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Met and LK-FM+"AnorthH+Met gave i n  a l l  cases poor f i t s  f o r  Mg. There fore ,  
t h e r e  appear t o  be no s i g n i f i c a n t  amounts of VHA and/or  LK-FM i n  t h e  A p o l l o  16 
s o i l s ,  whereas KREEPy 16 appears t o  be t h e  main c o n t r i b u t o r  o f  L I L  elements. 
A p o l l o  17 r e g o l i t h s .  A p r e l i m i n a r y  m i x i n g  model a n a l y s i s  was performed on t h e  
chemical compos i t ion  o f  16 A p o l l o  17 s o i l s  ( 7 ) .  Two s e t s  o f  components were 
tes ted .  I n  t h e  f i r s t  case KREEP, d u n i t e ,  "ano r th " ,  mare b a s a l t  17, orange 
g lass ,  g r a n i t e ,  and met. components were used. I n  t h e  second case KREEPy 17 
( n o r i t i c  b r e c c i a )  and a n o r t h o s i t i c  gabbro f r o m  17 were used i n s t e a d  o f  KREEP 
and "anor th " .  I n  b o t h  cases t h e  f i t  was s i m i l a r  and q u i t e  good, w i t h  t h e  ex-  
c e p t i o n  o f  s o i l  76501 t h a t  r e q u i r e d  a  component w i t h  more Mg, such as 76055, 
o r  a  5% excess d u n i t e .  Also,  i n s t e a d  o f  KREEPy 17 o t h e r  components were t e s t e d  
such as VHA and LK-FM. I n  most cases KREEPy 17 gave a  b e t t e r  f i t .  There fore ,  
i t  appears t h a t  KREEPy 17 ( t h a t  c o u l d  be a  m i x t u r e  as shown i n  f i g u r e  2 )  and 
a n o r t h o s i t i c  gabbro 17 a r e  s i g n i f i c a n t  components i n  t h e  A p o l l o  17 r e g o l i t h s .  
The elements used i n  t h e  m i x i n g  model a r e  those pub l i shed  ( 7 )  w i t h  the  excep- 
t i o n  o f  Zn. I n  a  few cases o t h e r  elements were i n c l u d e d  such as L i ,  Ce, Sm, Eu, 
Yb, U and Th w i t h  s i m i l a r  r e s u l t s .  The r e s u l t s  a r e  shown i n  f i g u r e  3. The 
amounts o f  orange g lass  have an u n c e r t a i n t y  o f  about  35%. The m e t e o r i t i c  con t -  
aminat ion  i s  based m a i n l y  on iii and i s  " e q u i v a l e n t "  t o  about  1  t o  2% CC-1, and 
g r a n i t e s  i n  a l l  cases a r e  l e s s  than 0.3%. I n  f i g u r e  3 t h e  d i s t a n c e  between 
s t a t i o n s  i s  app rox ima te l y  p r o p o r t i o n a l  t o  t h e  a c t u a l  d i s t a n c e  between s t a t i o n s .  
The A p o l l o  17 s i t e  has s i m i l a r i t i e s  w i t h  t h e  A p o l l o  15 s i t e  i n  t h e  sense t h a t  
i n  b o t h  p laces t h e  abundance o f  mare basa l  t s  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  
abundance o f  " a n o r t h o s i t i c "  m a t e r i a l .  The r a t i o  o f  KREEPy 17 t o  a n o r t h o s i t i c  
gabbro 17 i s  d i f f e r e n t  i n  t h e  i i o r t h  and South Mass i f  r e g o l i t h s .  I n  t h e  case 
o f  su lphu r  i t  was assumed t h a t  t h e  m e t e o r i t i c  component i s  n e g l i g i b l e  (1  3 ) .  
The good su lphu r  m a t e r i a l  balance suggests t h a t  t h e r e  i s  no b u l k  v o l a t i l  i z a -  
t i o n  o f  S  i n  these r e g o l i t h s .  

Table I. Resul ts o f  m ix ing  model f o r  Apo l lo  16 samples. 

S o l u t i o n  I (a&,c) S o l u t i o n  I 1  (a,c) 

KREEPY 16 "ANORTH" KREEP 'ANORTH" 

(a )  A l l  samples had a m e t e o r i t i c  component. (b)  VHA was inc luded  as a can- 
ponent and approxin late ly c o r r e l a t e d  w i t h  KREEPy 16(VHA? 0.4 KREEPy 16.). 
(c )  "ANORTH" ?. 60% Gab. Anorth + 20% Anor thos i te  + 20% An. Gabbro. (d)  
S o l u t i o n  I gave s l i  h t l y  b e t t e r  o v e r a l l  f i t  than S o l u t i o n  11, b u t  much 
b e t t e r  f i t  f o r  M . qe) Mare b a s a l t  i s  present  about 1-21 and g r a n i t e  i s  
l e s s  than 0.3%. f ~ x c e p t i o n :  68415 has no mare b a s a l t ) .  
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F i g u r e  1 STAT ION AND SAMPLE NUMBER 

F i g u r e  3 
DUNITE 

'ANORTHOSITE' KREEP 
Figure  2. Resu l t s  o f  m ix ing  model. Po in ts  l a b e l e d  1.2,3 . .. . correspond t o  samples Luna 20 s o i l ,  15273,4.2 , 

61016, 61156.2 , 15273,4,3 , 62295, average VHA. average low K Fra Mauro Basa l t ,  15455 dark. 76055. 
average KREEPy 17. average KREEPy 16, 60315, 65015, 62235, 14310. 67955, 68415, Apo l lo  16  s o i l s ,  and 
14068. "Anor thos i teu  i s  a m ix tu re  o f  anor thos i te ,  gabbrolc a n o r t h o s i t e  and a n o r t h o s i t i c  gabbro. 
KREEPy 16 i s  t h e  average o f  60315, 65015, and 62235. Average VHA i s  t h e  average o f  61016,61156,and 62295. 
Average KREEPy 17 i s  t h e  average o f  72435, 72275, 76315, 77135, and 76055. 
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