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A " largeu 1.9 g  p r i s t i n e  g r a n i t i c  c l a s t  war Odenti f led recent ly  i n  brecc ia 14321 (1 ) .  Several 
m a l l  chips weighing a  t o t a l  o f  160 mg were a l l o e r t e d  ta us f o r  r a d i m e t r i c  dat fng by the Rb-SP, SR- 
Nd, and 40-Ar-39-Ar methods. The sample was crushed and passed through a 149 rm s lov t .  A  30 mg 
a l iquant  was taken f o r  whole m c k  (WR) analyses. The r tmain lng s m p l e  was "sieved to pamve the 
4 4  um f r a c t i o n  and then separated i n t o  magnetic and non-magnetic f ract ions.  White fe ldsparn (WFI. 
2)  and "gray fe ldspar"  (GF1,2) f rac t ions  were handpicked frm the mn-reagnetfc f rae t ion .  A c l e a r  
phase (quar tz?)  was present I n  the non-mgnettc f r w t f o n  b u t  was net  analyzed. The magnetic f r a c t i o n  
was f u r t h e r  magnet ics l ly  separated i n t o  less  magnetfc ( L W )  and more magnetic f rac t ions .  The 
magnetic f rac t ions  comprised ~ 1 3 %  o f  the sample by weight. The (44 pm f r a e t i o n  was a f i ~ l y ~ @ d  f o r  Sta 
i so top ic  composition. A l l  other samples were sptked and analyzed f o r  Rb, Sr, SR, and Nd concentra- 
t fans and S r  and Nd i so top lc  cmposi t fons.  The whole rock sample was a lso spiked and analyzed f o r  K 
concentrat ion. 

Results: Ana ly t i ca l  r e s u l t s  are given i n  Table 1. The whole rock 87-Rb/B6-Sr and 87-Sr/86.4~ 
a re  t m e s t  observed f o r  a l unar  r v k ,  The whole rock Rb-Sr model age r e l a t i v e  t o  LUFO = 0.69%3 
i s  4.11*0.03 IS ( ~ ( " ~ b l  = 0.0139 AE- 1. Tka whole rock m d e l  age r e l a t i v e  t o  a  chondr t t j c  i n i t i a l  
143-Nd/l44-Nd = 0.50598 a t  4.56 AE ago (frm (2)  adjusted f o r  in te r labora to ry  b las )  i s  4.56fl.02 A€. 

Sr and Nd i so top ic  data are  show^ i n  isochron diagrams I n  Ffgures 1  and 2 ,  The Rb-ST and Sm-Yd 
mineral isochron ages are concordant a t  4.89*0.11 AE and 4.11 *0.20 A€, respect ive ly ,  and both ,ve 
concordant w i t h  the Rb-Sr model age. Some o f  the l so top lc  data deviate from the isochrons by s l i t _  +t- 
l y  mare than the expected ana ly t i ca l  precision. Thls r e s u l t  + s  perhaps expected sinee the g ran l te  
c l a s t  contains shock melted glass P30% i n  the t h i n  sections studied by ( 1 ) ) .  Rb-Sr analyses o f  Y 1  
and tW appear t o  be mart aberrant (Ftg. :). I f  these analyses are excluded the isochron age becolles 
4.190.03 AE. Sample M4F a1 so devlates from the h - N d  lsochron t o  a  greater than normal degree re9n- 
fo rc ing  the srispicion t h a t  i t s  i so top ic  systematics are t r u l y  disturbed. Unfortunately, we fa i lec ,  %o 
obta in Nd i so top ic  data f o r  Y 1  and Rb data f o r  GF1 so t h a t  MMF i s  the only sample which can be used 
t o  check f o r  mutual disturbance o f  the Rb-Sr and Sm-Nd i so top ic  systems. The age o f  the g ran i te  
probably can be considered as determined t o  w i t h i n  the prec is ion o f  the Rb-Sr fsochror! exc lus ive o f  
WF1 and MMF. We i n t e r p r e t  the age as g i v i n g  the time o f  igneous f o m a t i o n  o f  the g ran i te  c l a s t  ann 
nat the t ime o f  breccia fomat ion .  I n  t h i s  regard, we consider the concordance o f  the Rb-Sr mineri 
iaochron and whole rock model age as s ignt f fcant .  This eonco~dance would not  be expected i f  the 
mineral isochron had been ro ta ted  to a secondary age by l o c a l  i so top ic  e q u i l i b r a t i o n  among mineral 
phases dur ing breccia formation. Although t e r r e s t r i a l  r a n l t e s  o f ten  appear t o  have been open t o  
complete loss  o f  radiogenic 87-Sr, such loss seems u n l i k e l y  f o r  the g ran i te  c l a s t  because Mark e t  a1 . 
( 3 )  have demonstrated t h a t  Sr- isotopic  e q u i l i b r a t i o n  d i d  no t  occur i n  14321 on a  1  mn scale. 

The range o f  i n i t i a l  87-Sr/86-Sr f o r  the g ran i te  i s  shown i n  Figure 3  f o r  isochron f i t s  inc lud-  
ing a l l  data ( l a r g e r  e r r o r  paral lelogram) o r  excluding WF1 and MMF (smal ler  e r r o r  paral lelogram). 
E i t h e r  choice of data leads to a range o f  i n i t i a l  87-Sr/86-Sr which overlaps the lunar  i n i t i a l  r a t i o  
ILUNI). The r e s t r i c t e d  data set  would l i m i t  the time averaged 87-Rb/86-Sr i n  precursors t o  50.44, 
whereas values as h igh as 1.29 are permitted when the e n t i r e  data set i s  considered. A  f r a c t i o n a t i o n  
o f  the RbISr r a t i o  by a t  l e a s t  s i x f o l d  and probably by more than a  fac to r  o f  seventeen i s  impl ied t o  
have occurred during formation o f  the grani te .  I n  contrast ,  there was l i t t l e  o r  no f rac t iona t lon  i n  
the Sm/Nd r a t i o  as evidenced by the 4.56 BE Sm/Nd model age and c(Nd, 4.11 AE) = -0.6i0.4. 

Pctrogenetfc Impl icat ions:  Several authors (e.g., (4,5,6)) Rave suggested t h a t  s i l i c a t e - l i q u f d  
i m i s a i l i t y  I h L I )  was involved i n  fonnatlon o f  l unar  granites. The evidence c i t e d  f o r  t h i s  sug- 
gest ion includes the la rge  deviat ion o f  c e r t a i n  inter-element r a t i o s  ( p r i m a r i l y  alkali/REE) from av- 
erage lunc r  values. The i so top ic  systematics o f  14321, 1062 are consis tent  w i t h  SLI because l i q u i d -  
1 i q u i d  p a r t i  t l o n  c o e f f i c i e n t s  ( 7 )  ind ica te  t h a t  1  arge f rac t iona t lon  i n  a1 ka l  i s / S r  should accompany 
large alkali/REE f rac t iona t ion  whereas l i t t l e  o r  no f rac t iona t ion  i s  expected among d i f f e r e n t  REE. A 
mass balance ca lcu la t ion  u t i l  i r i n g  the l i q u i d - 1  i q u i d  p a r t i  t i o n  c o e f f i c i e n t s  o f  ( 7 )  y i e l d s  a  four-  t o  
f i v e - f o l d  f rac t iona t ion  o f  Rb/Sr and a  ten- t o  t h i r t e e n - f o l d  f rac t iona t ion  o f  K/La i f  the ac id ic  
l i q u i d  i s  510% o f  the two- l iqu id system. Thls ca lcu la t ion  assumes t h a t  K  and Rb p a r t i t i o n  s i m i l a r l y  
to  Cs. For these condi t ions elemental concentrat ions i n  the magna parental t o  14321 g ran i te  are ca l -  
cu lated t o  be: K = 1.9-2.4 %, Rb = 50-60 ppm, Sr = 95-99 ppm, and La = 160-170 pprn. These concen- 
t r a t i o n s  are s i m i l a r  t o  those i n  the 15405 quartz-monzodiorite (QMD) and ind ica te  a h igh ly  evolved 
parental magma. A  model ca lcu la t ion  suggests t h a t  the REE pa t te rn  o f  the grani te  could be produced 
by f rac t iona t ion  p r i o r  to the onset o f  SLI o f  -3% o f  a  phase w i t h  p a r t i t i o n  c o e f f i c i e n t s  s i m i l a r  t o  
those o f  phosphate minerals (8,9) from a  parental magma w i th  REE abundances about twice those o f  the 
QMD. This ca lcu la t ion  assumes a  9: l  r a t i o  between basic and ac id ic  l i q u i d s  dur ing SLI. These re -  
s u l t s  support the suggestions (4,101 t h a t  lunar  granites and quartz-monzodiorites formed by d i f f e r e n -  
t i a t i o n  o f  KREEP basa l t  magias i n  a  p lu ton ic  environment. 
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FORMATION OF A LUNAR GRANITE 4.1 AE AGO 

NYQUIST, L. E. e t  a l .  

Table 1. Analy t ica l  Results f o r  Lunar Granite 14321,1065 

W t .  K Rb Sr SAl Nd 87-Rba 87-sra lb  147-sma 143-~d'" 
Sample (mg) ( % )  (ppm) (ppm) (ppm) (ppm) VfZF €%Ti= m=Fa' lXTUa 

WR 28.1 6.29 166.9 64.0 18.62 60.58 7.54'5 1.14213'4 0.1858'3 0.511607'22 

L K  5.9 - 149.6 67.9 106.0 303.7 6.38'5 1.07529'14 0.2111'3 0.512296'26 
M F  3.4 - 147.3 99.6 27.6 97.1 4.28'4 0.94797+7 0.1720'3 0.511256t24 
M 1 2.2 - 175.1 129.6 6.12 - 3.91'3 0.93381+11 - 
W 2 3.0 - 189.0 114.4 - 4.78+4 0.98008'8 - 
GF1 3.5 - 51.7 20.41 71.16 - 1.29007f7 0.1735'3 0.511240'26 

GF2 2.3 - 185.6 50.3 27.03 89.93 10.67'9 1.32854t13 0.1818'3 0.511487'24 

:uncertaint ies correspond to l a s t  f igures.  
cNomal i r e d  t o  88-Sr/M-Sr = 8.37521 
Nomal lzed to 148-Ndl144-Nd = 0.24308 
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