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The suggest ion  by  Gooley e t  a l .  (1 )  t h a t  l u n a r  sample 76535 formed a t  
cons ide rab le  depth  as a  r e s u l  t o f  c r y s t a l  accumulat ion makes a  determi  n a t i o n  
o f  i t s  r a d i o m e t r i c  age ex t remely  impor tan t .  I le have c a r r i e d  o u t  Rb-Sr msasure- 
ments on separated m ine ra l  s  and K-Ar measurements on p l  ag i  o c l  ase separates and 
OH a  whole r o c k  sample. We have n o t  been a b l e  t o  o b t a i n  a  comple te ly  unambigu- 
ous age a t  t h i s  t ime ,  a p p a r e n t l y  because o f  i n h e r e n t  c o m p l e x i t i e s  o f  t h e  rock .  
K-Ar Resu l ts .  P l a g i o c l a s e  comprises 53% o f  t h e  rock ,  o l i v i n e  37%, p  roxene 
r, 41, a and minor  phases 61 % (1 ) . Two p l  a g i o c l  ase separates (>99% puref were 
prepared by F r a n t z  and hand-p ick ing f rom a  c o a r s e l y  crushed (-0.5-1 mn g r a i n  
s i z e )  p o r t i o n  o f  an o r i g i n a l  4  g r  sample; s p i t s  were prepared f o r  K  and Ar 
analyses (Tab le  1 ) .  An a l i q u o t  o f  t h e  whole r o c k  sample we igh ing 1.3 g r  had 
been p r e v i o u s l y  ground t o  f i n e  g r a i n  s i z e  (-50p) and used f o r  major  and t r a c e  
element chemis t r y  by XRF and i s o t o p e  d i l u t i o n  ( 2 ) .  P o r t i o n s  o f  t h i s  sample 
were used f o r  K  and A r  analyses (Table 1  ). Potassium was measured by i s o t o p e  
d i l u t i o n .  Argon was measured mass s p e c t r o m e t r i c a l l y  by a  s tandard  a d d i t i o n  
techn ique u s i n g  a  gas p i p e t t e  d e l  i v e r i n g  c a l  i b r a t e d  amounts o f  atmospher ic A r .  
Argon was e x t r a c t e d  f rom p l a g i o c l a s e  # I  i n  a  s i n g l e  m e l t i n g  stage. To i n s u r e  
t h a t  no s i p ~ i f i c a n t  amounts o f  adsorbed atmospheric A r  were c o n t r i b u t i n g  t o  
t h e  t o t a l  Ar, t h e  second p l a g i o c l a s e  and t h e  whole r o c k  were e x t r a c t e d  i n  
t h r e e  stages : 1  50°C, 350°C, and 1640°C. Only 1 -7% and 3.3% o f  t h e  t o t a l  ' + O A ~  

r e leased  by t h e  p l a g i o c l a s e  and whole rock,  r e s p e c t i v e l y ,  were re leased  i n  t h e  
two lower  temperatures ( w i t h  a  l a r g e r  amount re leased  a t  150°C) and t h i s  A r  
was n e a r l y  atmospher ic i n  compos i t ion .  

The p l a g i o c l a s e  and whole r o c k  K - t o t a l  4 0 A r  ages o f  76535 a r e  4 .40 -4 .54~  
10' y r s  (Tab le  1 ) .  However, t h i s  l u n a r  sample apparen t l y  con ta ins  ' + '~ r  which 
i s  n o t  t he  r e s u l t  o f  in situ decay o f  40K, as w e l l  as 3 6 A r  and 3 8 ~ r  which a re  
n o t  t h e  r e s u l t  o f  cosmic r a y  i n t e r a c t i o n s  d u r i n g  i t s  exposure a  e. Evidence 
f o r  t h i s  i s  con ta ined  i n  F i g .  1,  which p l o t s  "A r /36Ar  a g a i n s t  " A I - / ~ ~ A ~ .  The 
va lue f o r  t rapped 3 e A r / 3 6 ~ r  shown (0.187) would be approx imate ly  c o r r e c t  f o r  
s o l a r  wind, atmospher ic,  o r  t rapped  m e t e o r i t i c  ( " p l a n e t a r y " )  A r .  The va lue  
f o r  cosmogenic 3 e ~ r / 3 6 ~ r  (1.43) i s  t h a t  measured by Eberhard t  e t  a l .  ( 3 )  i n  a  
f e l d s p a r  concen t ra te  o f  10003. The t h r e e  samples analyzed a l l  show 3 8 ~ r / 3 6 ~ r  
l e s s  than 1.43 ( F i g .  I ) ,  and show a  1  i n e a r  c o r r e l a t i o n  w i t h i n  a n a l y t i c a l  
u n c e r t a i n t i e s  which i n t e r c e p t s  t h e  t rapped  3 8 A r / 3 6 A r  1  i n e  a t  4 0 ~ r /  3 6 ~ r = 3 6 . 6 + 2 ,  
and the  cosmogenic 3 8 ~ r / 3 6 ~ r  1  i n e  a t  40Ar/36Ar=104+1 . Such a  1  i n e a r  c o r r e l a -  
t i o n  c o u l d  r e p r e s e n t  m i x i n g  o f  an excess component-with 3 6 ~ r : 3 8 ~ r : 4 0 ~ r =  
1:0.187:37 and argon o f  compos i t ion  3 6 A r : 3 e A r : 4 0 A r = l  :1.43:104 produced in 
s i t u  by r a d i o a c t i v e  decay and cosmic-ray i n t e r a c t i o n s .  Both p l a g i o c l a s e  and 
t h e  whole rock  have Ca/K r a t i o s  o f  about  335 ( I ) ,  so t h a t  a  m i x i n g  l i n e  would 
be generated i f  t h e  compos i t ion  o f  t h e  excess argon remains cons tan t .  (Ac tu-  
a l l y ,  rad iogen ic  " O A r  and cosmogenic 3 6 3 3 8 ~ r  p r o d u c t i o n  i n  t h e  whole r o c k  a r e  
bo th  h e a v i l y  dominated by t h e  p l a g i o c l a s e . )  The c o r r e l a t i o n  o f  F ig .  1  can be 
used i n  two e q u i v a l e n t  wa s  t o  c o r r e c t  f o r  t he  apparent  excess A r :  i )  t h e  
i n t e r c e p t  va lue o f  '+0Ar*/ '~Ar=104 can be mu1 t i p 1  i e d  by t h e  cosmogenic "Ar t o  
g i v e  the  rad iogen ic  '+'Ar*;  i i )  40Ar /36Ar=37  f o r  t h e  excess argon can be 
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mu1 t i p l i e d  by the  excess 36Ar ( t o t a l  36Ar minus cosmo enic  36Ar) t o  determine 
the excess "OAr, which i s  subtracted from the t o t a l  "Ar t o  y i e l d  the radio- 
genic 40Ar*. Corrections t o  40Ar f o r  the  pl agioclase #I , plagioclase #2, and 
whole rock amounted t o  9.5%, 2.2% and 21% respect ively.  "Corrected" 40Ar* 
contents and the corresponding K - ' O A ~  ages a r e  given in  Table 1. 

Corrections f o r  excess " Ar lower the plagioclase age t o  -4.34x109 y r s ,  
and the whole rock age t o  4 . 1 4 ~ 1 0  y r s .  The l a t t e r  i s  considered l e a s t  r e l i -  
able  because i t  i s  more s e n s i t i v e  t o  the correction and because the r a t i o  of 
measured cosmogenic 38Ar in the  whole rock t o  t h a t  in the  plagioclase i s  only 
53%, whereas the r a t i o  ought t o  be -58% i f  the whole ro,ck sample contained a 
"normal" amount of plagioclase.  I f  one increases the  corrected 40Ar content 
of the whole rock sample by a corresponding f ac to r  (10%) the corrected K m 4 0 A r  

age becomes 4.30x109 y r s ,  i n  agreement with the plagioclase values. I f  the 
excess argon in t e rp re t a t ion  i s  co r r ec t ,  the plagioclase gas retent ion age of 
the rock i s  4-34?. 08x109 y r s .  The 38Ar cosmic ray exposure age i s  200x106yrs. 
Rb-Sr Results. Several f ac to r s  combine t o  make Rb-Sr dat ing of t h i s  rock d i f -  
f i c u l t :  ( a )  the Rb concentration of the  whole rock i s  only 0.2 ppm; (b )  almost 
a l l  of the t race  elements a re  concentrated in the plagioclase,  and t r ace  e l e -  
ment abundances in  the o ther  major mineral,  01 iv ine ,  a r e  very low; ( c )  pl agio- 
c lase  and o l iv ine  make up a t  l e a s t  95% of the rock ( I ) ,  while minor phases 
which might concentrate t r a c e  elements a r e  r a r e  (<I % of the to t a l  rock).  ( d )  
The rock went through an extended period of annealing and r ec rys t a l l i za t ion  
(1 ) .  I t  f u r the r  appears from our data  (Table 2) t h a t  the Rb-Sr systematics 
have been disturbed. The data  do not uniquely define an isochron. Tie l i n e s  
between the plagioclase/whole rock point  and the three o l iv ine  data y i e l d  ap- 
parent ages of 5.9'0.5 A E ,  8f2 A € ,  and 5.1f0.4 A E ,  respect ively.  Thus e i t h e r  
we have unsuspected ana ly t ica l  d i f f i c u l t i e s  o r  the system does not f u l f i l l  the 
c r i t e r i a  f o r  a Rb-Sr age. We do not completely exclude the f i r s t  p o s s i b i l i t y ,  
b u t  feel  i t  i s  highly unlikely. 

The o l iv ine  2 and 3 data (Table 2 )  allow an in t e re s t ing  calculat ion.  The 
o l iv ine  3 separate  i s  estimated t o  contain a t  l e a s t  95% o l iv ine  by weight. I f  
o l iv ine  3 i s  viewed as a two component mix of "pure" o l iv ine  (#2)  and a " r e s i -  
due", 87Rb/86Sr in t he  residue can be obtained with only s l i g h t l y  grea te r  u n -  
ce r ta in ty  than f o r  the ana ly t ica l  precis ion of 01 ivine 3. The corresponding 
87Sr /86Sr  r a t i o  may a l so  be calculated.  This calculated point  (87Rb/86Sr = 
0.0666, 7Sr/ 86Sr  = 0.7033, +. 0005, -. 0003) together with the pl aglwhol e rock 
data y ie lds  an apparent age of 4.4t0.61-0.5 AE, consis tent  with the K-Ar age. 
The i n i t i a l  87Sr /86Sr  ( I )  obtained from the plaglwhole rock i s  r e l a t i v e l y  in -  
s ens i t i ve  t o  the age ambiguity. Assuming the K-Ar age (4.3 A E )  y i e ld s  I = 
0.69913'6, i .e.  , e s s e n t i a l l y  our BABI value. For T=3.7-4.6 A E y  1=0.69923- 
0.69905. Thus the  I values accomodate the old age found by K-Ar b u t  could 
a l so  be consis tent  with (T , I )  f o r  a mare basa l t  1 i ke 70035. 
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Table 1. K-Ar Resul ts.  

Total  To ta l  Excess Corrected Corrected Cosmogenic Cosmogenic 
K K Blank 40Ar 

K - ~ O A ~  3 6 ~ r  4 0 ~ r  K - ~ O A ~  3 6 ~ r  38~r  
(ppm) ( I )  

10.' m31g(a) AGE 10' y r s .  lo-' ~ r n ~ / ~ .  lo-' crn31g. AGE 10' yrs.  10.' crn3/g. crn3/g. 

Plag. Y2 403 0.3 2831 4.40 1.75 2765 4.37 26.6 38.0 
Whole Rock 237 7.1 1803 4.54 10.5 1425 4.14 13.6 19.4 

40~ r  concentrat ions have an a n a l y t i c a l  uncer ta in ty  o f  approximately 3-42 and 4 0 ~ r / ~  r a t i o s  o f  approximately 52, which would 
generate an unccr ta ln ty  I n  the K - ~ O A ~  ages o f  approxtmately 0 . 0 8 ~ 1 0 ~  y rs .  

(a)  Blank cor rec t lons  t o  4 0 ~ r  were 2-32. 

Table 2. Rb-Sr Results. 

Sample wt. Rb Sr 8 7 ~ b  - 8 7 ~ r  2m 
(w.1 ( P P ~ )  ( P P ~ )  865, 

Whole ~ o c k ( "  53.9 0.238 113.9 0.00605+28 0.69950 + 5 

Plag A ( ~ )  18.8 0.431 216.1 0.0057757 0.70012 + 46 

Plag i iCb) 42.5 0.407 198.1 0.0059457 0.69949 + 12 

O l i v i n e  1") 48.9 0.0294 0.681 0.1259 0.70962 + 25 

O l i v i n e  2(d) 102.4 0.0100 0.817 0.0354+.0039 0.70289 + 18 

O l i v i n e  3(e) 56.1 0.0490 2.50 0.056757 0.70320 + 15 

(a) As f o r  the Ar ana lys is  the sample was an a l i q u o t  o f  t h a t  prepared f o r  XRF 
ana lys is  (2). 

(b) Hand picked Frantz separate conta in ing  no v i s i b l e  o l i v i n e  o r  la rge  dark 
phases. 

(c )  Hand picked Frantz separate prepared t o  ob ta in  GO mg o f  o l i v i n e  p lus  
minor phases, excluding on ly  plagioclase bear ing gralns. 

(d)  Hand picked Frantz separate prepared t o  ob ta in  %I00 mg o f  "pure" o l i v i n e .  
(e)  The plag-free r e j e c t s  f rom o l i v i n e  2, thus s i g n i f i c a n t l y  enriched I n  

minor phases. 
Concentrations of REE i n  the  whole rock, p lag  B and o l i v i n e  2 samples may be . 
found i n  Haskin e t  a l .  (2). 

F i g  1. 40~r/36~r, 38~r /36~r  c o r r e l a t i o n  

p l o t  f o r  two p lag ioc lase  and one whole 

rock analyses. V e r t i  c l e  l i n e s  i n d i c a t e  

" t rapped" and cosrnogeni c  38~r /36~r .  
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