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The o r i g i n  o f  l u n a r  h fgh lands rocks  and t h e  l u n a r  c r u s t  i t s e l f  i s  p o o r l y  understood because o f  a  
p a u c i t y  o f  igneous rocks. I n fo rma t i on  needs t o  be obta ined from t h e  chemical and m ine ra log i ca l  
c h a r a c t e r i s t i c s  o f  b recc ias .  I n  t h i s  study, major element and p rec i se  minor element (Ca,Mn,Cr,Ti ,A1 ,Ni ) 
microprobe analyses o f  o l i v i n e  fragments i n  76015, 76035, 72255, and ALHA 81005 were made i n  o rde r  t o  
c o n s t r a i n  t h e i r  poss ib le  genesis. Some analyses o f  p r i s t i n e  l u n a r  sample and S t i  l l w a t e r  o l i v i n e s  were 
made f o r  comparison, and M a r j a l a h t i  was analyzed c o n t i n u a l l y  as a  check on r e p r o d u c i b i l i t y .  The p rec i se  
minor element data  o f  [ l ]  i s  a1 so used f o r  comparison. 

Care fu l  a t t e n t i o n  was p a i d  t o  ga in ing  app rop r i a te  background p o s i t i o n s  (by scans). Analyses o f  
7bUl5 o l i v i n e s  w i t h  and w i t h o u t  s i l v e r  p a i n t  screen ing showed t h a t  f luorescence was of  s i g n i f i c a n c e  f o r  
Ca-analyses on l y  w i t h i n  about 30 microns o f  g r a i n  edges, b u t  a l s o  showed t h a t  i n  such coarse gra ined 
me l t s  o l i v i n e s  a re  zoned by r e a c t i o n  w i t h  t h e  m e l t  f o r  d is tances up t o  a t  l e a s t  750 microns i n t o  t h e  
grain.  I n  761135, a  very  f i ne -g ra ined  m e l t  f rom t h e  same me l t  sheet [2], such r e a c t i o n  i s  l i m i t e d  t o  
o n l y  a  few microns. Thus 76015 i s  o f  l i m i t e d  use f o r  t h e  present ob jec t i ve ,  bu t  data  f o r  76035, 72255 
(another f i n e  me l t ) ,  and ALHA 81005 (a s o i l  b r e c c i a )  should be usefu l .  D iscuss ion here i s  l i m i t e d  
ma in l y  t o  the  ca l c i um data. 

Calcium i n  o l i v i n e s  i s  a  s i g n i f i c a n t  pe t rogene t i c  i n d i c a t o r  because i t  i s  p a r t i t i o n e d  more s t r o n g l y  
i n t o  o l i v i n e s  a t  h i ghe r  temperatures:  t h e  temperature a f f ec t  on t h e  p a r t i t i o n  c o e f f i c i e n t  i s  g reat .  
There i s  a  pressure e f f e c t ,  b u t  i t  i s  much smal le r ,  as i s  a  composi t ion e f f e c t .  The most s i g n i f i c a n t  
unknown i n  t h e  present  s tudy i s  no t  knowing t h e  ca lc ium content  of t h e  m a t e r i a l s  once i n  e q u i l i b r i u m  
w i t h  t h e  o l i v i n e s ,  b u t  q u a l i t a t i v e l y  even t h i s  i s  n o t  t o o  c r i t i c a l  here. O l i v i n e s  i n  mare b a s a l t s  have 
0.2 t o  0.5% CaO. The b recc ia  analyses are  sumnarized i n  Figs.  1 and 2. Most o l i v i n e s  a re  q u i t e  
magnesian, Fo > 8U. I n  p a r t  t h i s  might  be because o f  d i s s o l u t i o n  o f  Fe -o l i v i nes  i n  t h e  impact melts.  
U f  more s i g n i f i c a n c e  i s  t h a t  most o f  t h e  Mg-o l i v i nes  i n  t h e  b recc ias  have CaO contents  which a re  h igher  

F igu re  1. 

Call v. FeO f o r  o l i v i n e  fragments i n  76035 (dots) ,  72255 (c rosses) ,  and compar i t i ve  data.  
Crosses and B lack  Dots a r e  averages o f  2  t o  8  analyses, each w i t h  p r e c i s i o n  + 0.01% CaO, as 
a re  spot analyses o f  compar i t i ve  data. C i r c l e s  are  i n d i v i d u a l  analyses w i t h  p r e c i  s i on  i 
0.003% CaO. T i e  l i n e s  j o i n s  p o i n t s  on same gra in .  M = M a r j a l a h t i  S  = a  S t i l l w a t e r  sample. 
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than t h e  t e r r e s t r i a l  S t i l lwa te r -Skae rgaa rd  p l u t o n i c  t rend,  h ighe r  than t h e  l una r  t e r roan  a n o r t h o s i t e  
t rend,  and h ighe r  than some Mg-r ich p r i s t i n e  rocks. However; as shown i n  an accompanying abs t rac t ,  
d u n i t e  72415 a l s o  has 'high-cau o l i v i n e s ,  and some o the r  l u n a r  t r o s t o l i t e s  do also.  A  s t ra igh fo rward  
i n t e r p r e t a t i o n  o f  t h e  da ta  would be t h a t  most o f  t h e  o l i v i n e s  i n  these b recc ias  a re  o f  sha l l ow-p lu ton i c  
o r i g i n ,  no t  deep p l u t o n i c  o r i g i n ,  un less  they  come from high-Ca me l t s  o f  a  t ype  unknown. T h i s  would be 
i n  accordance w i t h  t h e  conc lus ions o f  [3], t h a t  n e a r l y  a l l  of t h e  l u n a r  h igh lands sur face m a t e r i a l  i s  o f  
shal low o r i g i n ,  and has imp1 i c a t i o n s  f o r  t h e  petrogenesi  s  o f  t h e  highlands. 

The o l i v i n e  group i n  76035 which has 'L 0.20% CaO appears t o  be unique: i t  a l s o  has h i g h  Cr,U, 
('L U.2UX) and Al2O3 ( ' ~ 0 . 0 8 % )  and has n o t  been recognized i n  any o t h e r  l u n a r  rocks.  I t s  minor elements 
a r e  l i k e  those i n  impact melts,  b u t  i t s  Mg/Fe h ighe r  than i n  any impact melt .  It cou ld  be de r i ved  from 
o l d  impact mel ts .  Another s i g n i f i c a n t  f e a t u r e  i s  t h a t  no o l i v i n e s  s i m i l a r  t o  those i n  f e r r o a n  
ano r thos i t es  have been found i n  76035. I n  a  p a r a l l e l  study o f  p l ag ioc lase  Mg and Fe ( n o t  repo r ted )  i n  
7bU35, few p lag ioc lases  p o s s i b l y  f rom fe r roan  ano r thos i t es  were discovered. The S e r e n i t a t i s  m e l t  sheet 
appears t o  be o f  sha l low o r i g i n ,  y e t  l ack  any t r a c e  o f  f e r roan  ano r thos i t e .  

F i g u r e  2.  

CaU v. FeO f o r  o l i v i n e  fragments i n  ALHA 81005. Each p o i n t  has p r e c i s i o n  2 0.003% CaO. T i e  
l i n e s  j o i n  m u l t i p l e  spots  on s i n g l e  grains.  
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