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The h i g h l y  c r a t e r e d  s u r f a c e  o f  t h e  l u n a r  h igh lands  and t h e  dominant ly  
metacl  a s t i  c  t e x t u r e  o f  t h e  samples r e t u r n e d  f rom these reg ions  i nd i  c a t e  t h a t  
these samples have had a  ve ry  compl ica ted h i s t o r y .  I f  l u n a r  s c i e n t i s t s  a re  t o  
understand t h e  o r i g i n  o f  t h e  l u n a r  c r u s t  then i t  i s  i m p o r t a n t  t o  know if these 
"non-mare" samples rep resen t  chemical systems s e t  by endogenous igneous p r o -  
cesses o r  i f  i n s t e a d  t h e i r  b u l k  chemis t ry  i s  t h e  a c c i d e n t  o f  some ex tens i ve  
m i x i n g  processes. Comparison o f  d e t a i l e d  analyses o f  t h e  c l a s t s  i n  these com- 
p l  i cated "non-mare" samples w i  tti t h e i r  b u l  k  compos i t ion  can p r o v i d e  i m p o r t a n t  
c r i t e r i a  f o r  d e c i d i n g  which "non-mare" samples may rep resen t  t r u e  r o c k  types.  
A common f e a t u r e  o f  many o f  t h e  m e t a c l a s t i c  "non-mare" samples i s  t h e  occur -  
rence o f  abundant sma l l  g r a i n s  (50-500 o f  c a l  c i  c  p l  a g i o c l  ase (An95-98). 
Trace element analvses o f  these g r a i n s  can be i m ~ o r t a n t  c r i t e r i a  f o r  d e c i d i n g  
~ i h e t h e r  they  a re  phenocrysts which a t  some t i m e  c r y s t a l l i z e d  f rom a  magma w i t h  
t h e  c o n ~ p o s i t i o n  o f  t h e  b u l k  r o c k  o r  i f  they  a r e  i n s t e a d  xenocrys ts  wi i ich some- 
how g o t  t ho rough ly  mixed i n t o  t h e  sample w i t h o u t  be ing  r e e q u i l i b r a t e d  w i t h  i t .  

A n a l y t i c a l  Uethod 
Lie have used t h e  ARL I o n  F l i c r o ~ r o b e  Kass Ana lyzer  (IVKA) t o  measure t h e  

abundance o f  L i  , rlg, T i ,  S r  and ~ a '  i n  sr,;all spotsw (10-20 d iameter )  on t h e  
su r face  o f  p l a g i o c l a s e  g r a i n s  i n  p o l i s h e d  t h i n  s e c t i o n s .  An i o n  beam o f  20 kV 
nega t i ve  oxygen i s  used t o  s p u t t e r  t h e  sample (sample c u r r e n t  5 - 1 5 ~ 1 0 - ~ A ) .  We 
have used t h e  abundances o f  t h e  ma jo r  elements (Ca, A1 , S i )  as i n t e r n a l  s tand- 
ards f o r  t h e  c o m ~ u t e r i z e d  data  r e d u c t i o n  Procedure known as CARISMA ( 1 ) .  We 
have found t h a t  i t  i s  i m p o r t a n t  t o  make c o r r e c t i o n s  f o r  i n t e r f e r e n c e s  by 
atomic and mo lecu la r  i ons  and have a l s o  a p p l i e d  a  c o r r e c t i o n  f a c t o r  t o  t h e  
CARISllA o u t p u t  d e r i v e d  by anal  v z i  ng t e r r e s t r i  a1 p l  ag i  o c l  ase standards w i t h  t h e  
same ins t rumen ta l  o p e r a t i n g  c o n d i t i o n s .  Tab le  I gives  t h e  comparison o f  
CARISPA reduced IrlFIA analyses w i t h  v a l  ues o b t a i  ned by  i s o t o p e  d i  1  u t i  on. Lake 
County ( 2 )  i s  ou r  most homogeneous standard,  and we have used t h e  c a l i b r a t i o n  
f a c t o r s  d e r i v e d  f rom i t  t o  a d j u s t  a l l  ou r  l u n a r  data .  L i m i t e d  mass r e s o l u t i o n  
( ~ 3 0 0 )  prevents  accura te  measurement f o r  those elements whose masses a re  
n e a r l y  t h e  same as mo lecu la r  i ons  formed f rom t h e  major  elements. For exam- 
p l e ,  Al,', CaOC and CaOHC i n t e r f e r e  w i t h  t h e  ~ e +  i so topes  and CaSiOC and 
C ~ A I O +  i n t e r f e r e  w i t h  ~ b + .  For t h i s  reason we a re  n o t  ab le  t o  a c c u r a t e l y  mea- 
sure  smal l  amounts o f  Rb and/or Fe i n  p l a g i o c l a s e .  Such mo lecu la r  i o n  i n t e r -  
ferences are  a l s o  t h e  reason why ou r  i ns t rumen t  cannot be used f o r  age d e t e r -  
m ina t i ons  by t h e  Rb-Sr technique.  !Je have c a r e f u l  l y  s t u d i e d  thcse  i n t e r f e r -  
ences f o r  which we do n o t  make s p e c i f i c  i n t e r f e r e n c e  c o r r e c t i o n s  t o  show t h a t  
they  are  l e s s  than  5% o f  t h e  count  r a t e .  For example, S i  0  + i s  l e s s  than  3% 
o f  t h e  "Srf a t  200 ppm Sr .  2411g+ i s  c o r r e c t e d  f o r  4 8 ~ a + f  By measuring 
40Catt. Our maximum s e n s i t i v i t i e s  i n  cps p e r  ppm a r e  on t h e  o r d e r  o f  250 f o r  
L i ,  50 f o r  Mg, 45 f o r  K, 3  f o r  T i ,  20 f o r  Sr ,  and 1Q f o r  Ba. 

Resu l ts  
Our r e s u l t s  are  g i ven  i n  Tab le  I. The L i  , S r  and Ba values f o r  p l a g i o -  . - 

c l ase  f rom 15415 and-67075 a re  i n  f a i r  agreement w i t h  prev ious analyses o f  
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bulk samples by isotope d i lu t ion  (5 ,6) .  68415 - Helz and Appleman (3)  
describe probable re1 i c t  inclusions of low Fe plagioclase in 68415. Our ana- 
l y s i s  of s imi lar  ~ n c l u s i o n s  (Wains A and B )  did not d i f f e r  s ign i f i can t ly  
from our analyses on the large phenocryst and we were not able t o  es tabl i sh  
fur ther  evidence f o r  the origin of these in teres t ing  grains.  Zoning in t race  
elenients in  the 1 arge phenocryst was found t o  be i r regular .  14310 - The 
t race  element content of plagioclase from 14310 shows tha t  the lowest Ba i s  
in the most calci c plagi oclase with zoning towards higher Na,O. The increase 
in Sr a t  the margin i s  caused by coprecipitation of other phases which s e l e c t  
against Sr forcing i t  t o  go in to  the l iquid f a s t e r  than the plagioclase can 
use i t  u p .  The re l a t ive ly  high t~lg and Ti values are typical of pl agioclase 
cr~ystal  l iz ing  from basal t i c  melt. Ide have also used the ion probe to  estab- 
1 ish upper 1 imi t s  f o r  Y <6, Zr <2 and Ce <6 ppm. These values are more 
nearly consistent with par t i t ion  coefficients  than the previously published 
analyses f o r  these elements in plagioclase mineral separates because of the 
unavoidable contamination in these separates.  No re1 i c t  pl agi ocl ase i ncl u -  
sions were found in 14310,23. 15022,2,9 - The plagioclase in t h i s  sample of 
K R E E P  basa l t  ( 4 )  i s  zoned in Ba, Li and Sr s imilar  t o  14310. 65015 and 
62235 - These samples of metaclastic "KREEP basal t"  from the Apollo 16 s i t e  
have abundant grains of ca lc ic  plagioclase referred to  as xenocrysts in Table 
2 .  Their low contents of Ba dist inguish them from the plagioclase in 14310. 
Small grains of plagioclase r ich in t race  elements are also present in t h i s  
rock b u t  are hard t o  analyze by ion probe because the beam overlaps on sur-  
rounding material.  61 156 - This sample i s  an example of "VHA Basalts" (6)  
which has r e l i c t  c l a s t s  of large plagioclase. 12033,85C and 14321,17E - 
These unusual "anorthosites" were f i r s t  described by Pkyer (4)  and Hubbard e t  
a l .  ( 5 ) .  Their extremely high content of Ba, Sr and K indicates they formed 
from a magma very r ich in t race  elements. 

Discussion 
Calcic plagioclase i s  commonly the most abundant mineral of samples from 

the lunar crus t  and i s  also one of the first-forming phases in melts of high- 
land composition. The wide range in t race  element composition which we have 
found in the plagioclase in these samples indicates tha t  there was a wide 
variety of rock types in the lunar crus t  before i t  was brecciated and s in -  
tered to  i t s  present s t a t e .  

The d is t r ibut ion  of Ba, Li and Sr between basa l t i c  liquid (represented by 
the composition of the bulk rock) and the f i r s t  forming plagioclase can be 
calculated using our data for  the concentration of these elements in the (Ca- 
r ich)  centers of the la rges t  phenocrysts of 14310 and 68415. 

B a 
14310 649/89=7.3 
6841 5 76/11 =6.9 
Terres t r ia l  (5)  7.1 -4.6 

Although these rocks have conipositions similar  to  lunar s o i l s  (14163 and 
67601 ) , they appear t o  have been completely me1 ted.  They apparently crys ta l -  
l ized slowly enough t o  par t i t ion  Ba and Li,  b u t  rapidly enough to  not have 
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i n i  t i  a1 l y  p a r t i  t i  oned S r .  
On t h e  o t h e r  hand, our  a n a l y s i s  f o r  Ba i n  t h e  xenocrys ts  i n  65015 and 

62235 a r e  more than an o r d e r  of  magnitude t o o  low f o r  t h e s e  g r a i n s  t o  e v e r  
have been i n  e q u i l i b r i u m  w i t h  a mel t  t h e  composition o f  t h e  bulk rock.  -Thus 
t h e s e  KREEP-rich m e t a c l a s t i c  rocks must be mechanical mixtures o f  a t  l e a s t  two 
types  of  m a t e r i a l .  The obse rva t ion  t h a t  t h e s e  c l a s t s  a r e  r a t h e r  small  and 
evenly d i s t r i b u t e d  throughout t h e  matr ix  i n d i c a t e s  t h a t  t h e  p r e e x i s t i n g  l i t h o -  
logy f o r  t h e s e  rocks was an ear1.y r e g o l i t h  der ived by comminution and mixing 
of both KREEP and anor thos i  t i c  m a t e r i a l s .  Some l u n a r  anor thosi  t e s  (67075) 
apparen t ly  have r e l a t i v e l y  lower S r  con ten t s  than o t h e r s  ( 5 ) .  Our ana lyses  of 
t h e  p l a g i o c l a s e  c l a s t s  i n  65015, 62235 and 61156 a l s o  show low S r  con ten t  
which i s  a p a r t i a l  exp lana t ion  f o r  t h e  low S r  of  Apollo 16 and VHA b a s a l t  
materi  a1 s ( 6 ) .  However, t h e  r e l a t i v e l y  high Li con ten t  of t h e s e  xenocrys ts  
d i s t i n g u i s h e s  them from 67075. Poss ib ly  L i  has d i f f u s e d  i n t o  t h e s e  c l a s t s  
from t h e  surrounding matr ix  dur ing t h e  l i t h i f i c a t i o n  of  t h e s e  samples. 

Table 1. I.M.M.A. Plagioclase (weight  percent and ppm) 

~na lJses  Na20 L i M9 K T i  Sr Lake Countya 
8a 

,,CARISMA,,b Standard 2.8 + a  5 650 5 20 1800 2 300 210 5 10 710 + 30 94 5 7 
i .d.c 3.38 

(4.1 +0:2)  (822 5 66) (986 2 16)(230~!~;4) (582 + 6)(63 + 2) 
Correct ion ~ a c t o t - ~  0768 0.79 ' 1.83 1 2 2  1749 

Pacayae Standard 5 0.83 0 .46+0 .09  3 5 0 5 8 0  1 8 0 2 8 0  1 0 0 + 2 2  8 2 0 + 7 0  3 0 + 5  
i.d.c (0.68 z0.19)(398 + 12) (147 + 15)(134 11) (942 7 9) (28.8+0.9) 

1541:,11: (5) Anorthosite 8 0.41 1.6 2g0 1 iTO 90 177 q 
(2) - (127) 6; (178) (6i i)  6707:1:8 (6) Anothosi t e  6 0.43 1.6 21 0 154 

68415,131 Large Grain 27 0.29 1.5 790 110 75 
( )  (8 )  

11 
Small Grains 3 0.22 1 .O 490 55 83 180 27 
Grain A 4 0.31 1.8 570 100 68 192 13 
Grain 8 6 0.27 1.5 680 71 62 1 88 11 

14310.23 Phenocryst 9 0.75 14 1000 670 150 216 80 
Margin 1 1.48 24 810 4000 370 325 420 
2nd Phenocryst 2 0.75 13 1400 400 170 238 98 
Small Gr t i ns  5 0.53 9.3 1050 300 140 238 94 
Small 1 0.90 15 980 600 140 250 120 
Small " 1 1.18 19 1090 720 360 270 200 

14.063.26 Clasts 8 0.63 8 300 190 290 84 
Small Grain 1 1.80 24 260 450 370 182 

15022.2.9 (4) KREEP Basalt 
Center o f  g ra in  8 1.32 22 1200 - 350 280 150 
Margin 1 1.55 16 1020 - 470 350 340 
2nd Grain 4 1.74 27 1900 1200 380 285 170 .. - 

6501 5.79 
Xenocrysts 12 0.45 6 570 320 87 161 7 
Small Grains 6 0.43 5 380 400 78 170 35 
Small Grain 1 1.36 20 600 1000 360 450 133 

62235 -65 
Xenocrysts 6 0.42 5 600 240 97 162 9 
Small Grain 1 0.76 10 360 500 130 270 30 - . , - - , - 

f Xenocr s t s  3 0.39 5 400 760 110 150 18 
64422.A ~ n o r t x o s i t e  3 0.33 1.4 560 110 90 155 8 
76535 Trnct.nl  it^ 3 - 500 - - 173 70 2 0.50 . .... . . - - -- . . - - -.. .. - . - 
76502 Large Grain s 8 0.30 3 970 . 200 76 165 46 
14321.17~ Anorthosi t e  1 0.82 16 439 1200 500 1200 
12033.85C Anorthosi t e  1 1.01 3 1 31 5 4000 490 600 

(a) Labradorite (An 67) (2) Large c lear  c rys ta l ,  Oregon USNM 115900. (b) Data reduct ion by m d i f i e d  CARISMA 
(1) .  Ca. A1 and Si used as in te rna l  standards. (c)  Isotope d i l u t i o n  by H. Weismann + C. Shih. NASA-JSC. 
(d) Ca l ib ra t ion  f a c t o r  derived f rom Lake County which i s  used i n  t h i s  paper as an external  standard. (e )  
Anor th i te  (An 92) c lea r  center o f  large phenocryst, Central America, USNM 122261. ( f )  Small polygonal anor- 
thos i te  from 2-4 nun coarse f ines.  
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