
RB-SR SYSTEMATICS I N  CLASTS AND APHANITES FROM CONSORTIUM BRECCIA 
73215. W.  Compston, J.J. F o s t e r ,  Res. School of Ear th  Sciences ,  A u s t r a l i a n  
National Univers i ty ,  Canberra, A.C.T., C.M. Gray, Dept. of Geology, La Trobe 
Univers i ty ,  Melbourne, Vic . , A u s t r a l i a .  

During 1975 and 1976, success ive  fragments of t h e  b recc ia  73215 were 
s e l e c t e d  and documented (1) f o r  Rb-Sr and o t h e r  work by O.B. James a s  consor- 
tium l e a d e r .  Rb, Sr and 8 7 ~ r / 8 6 ~ r  were determined i n  d u p l i c a t e  f o r  e leven 
samples of a p h a n i t i c  c l a s t s  and mat r ix ,  two c l a s t s  of a n o r t h o s i t i c  gabbro and 
t h e i r  component o l i v i n e  and p l a g i o c l a s e ,  one c l a s t  of f e l s i t e  p l u s  f e l d s p a r ,  
quar tz  and g l a s s  concen t ra tes  separa ted  from it, and one c l a s e  of g ranu la ted  
f e l d s p a t h i c  m a t e r i a l  and separa ted  p l a g i o c l a s e .  

One of t h e  a n o r t h o s i t i c  gabbros gave an  i n t e r n a l  isochron of 4.2410.31 
AE (26) i n  agreement wi th  t h e  high temperature  p la teau  age of 4.24'0.02 AE 
f o r  t h e  same c l a s t  ( 2 ) .  Because of t h e  l a c k  of d e f o r m a t i o n / r e c r y s t a l l i z a t i o n  

8 7 i n  t h e  c l a s t  and i t s  low i n i t i a l  ~ r / ' ~ s r ,  0.69918T16, we i n t e r p r e t  t h e  
isochron a s  t h e  age of c r y s t a l l i z a t i o n  from mel t .  The range i n  Rb/Sr f o r  t h e  
second a n o r t h o s i t i c  gabbro was not s u f f i c i e n t  f o r  an  i n t e r n a l  age,  bu t  t h e  
d a t a  can f i t  t h e  4.24 AE isochron.  

The t i e - l i n e  between t h e  g ranu la ted  f e l d s p a t h i c  m a t e r i a l  46-102 and 
separa ted  p l a g i o c l a s e  has  an excess ive ly  o l d  "age" of 5.101.15 AE (13). There- 
f o r e  a t  l e a s t  one component of t h e  t o t a l  sample has an excess  model Rb-Sr age 
and e i t h e r  was not cogenet ic  wi th  t h e  p l a g i o c l a s e  (which has a  normal model 
age) o r  was s e l e c t i v e l y  dep le ted  i n  Rb dur ing some p o s t - c r y s t a l l i z a t i o n  even t .  
A g rey  a p h a n i t i c  c l a s t  found wi th in  t h e  f e l d s p a t h i c  m a t e r i a l  has  a  model age 
of 4 .5  AE and t h u s  cannot be p a r t  of t h e  e x o t i c  o r  modified c o n s t i t u e n t .  

Analyses of a  9  mg fragment of f e l s i t e  t e s t e d  our  p r e d i c t i o n  f o r  t h e  age 
of apparen t ly  i d e n t i c a l  m i c r o c l a s t s  found i n  S t a t i o n  2  Boulder 1 aphan i tes  
( 3 ) .  The f e l s i t e  i s  so h igh ly  rad iogen ic  t h a t  t h e  model age f o r  each analyzed 
f r a c t i o n  i s  i n s e n s i t i v e  t o  e r r o r  i n  cho ice  of i n i t i a l  8 7 ~ r / 8 6 ~ r .  Model ages  
f o r  t h e  t o t a l  rock,  f e l d s p a r  - and quar tz - r i ch  samples a r e  i d e n t i c a l  a t  4.00 
A E ,  whereas t h a t  of t h e  (secondary) g l a s s - r i c h  sample is  s l i g h t l y  younger a t  
3.95 AE. I f  t h e  molten g l a s s  reached Sr i so tope  equi l ibr ium with  t h e  c r y s -  
t a l l i n e  phases of t h e  f e l s i t e ,  then  t h e  t ime of mel t ing i s  g iven by t h e  i n t e r -  
n a l  isochron (Fig .  2) a t  3.90k0.5 AE. We favour 4.00 AE a s  t h e  o r i g i n a l  age 
of c r y s t a l l i z a t i o n  of t h e  f e l s i t e  a s  a  d i f f e r e n t i a t e d  i n t r u s i o n  o r  f low on 
t h e  lunar  s u r f a c e ,  and t h e  high i n i t i a l  8 7 ~ r / 8 6 ~ r  f o r  t h e  i n t e r n a l  i sochron ,  
0.707k.004, a s  s i g n i f y i n g  Sr i s o t o p e  r e d i s t r i b u t i o n  dur ing t h e  l a t e r  event  
t h a t  formed t h e  g l a s s .  

The d i s p e r s i o n  i n  Rb/Sr between a p h a n i t e s  is  due mainly t o  d i f f e r e n c e s  i n  
t h e i r  Rb concen t ra t ions ,  which vary  l a r g e l y  because of t h e i r  d i f f e r i n g  con- 
t e n t s  of Rb-rich f e l s i t e  c l a s t s .  For t h e  group of aphan i tes  f i r s t  analyzed,  
sample 38-49 (Fig .  1) has  both  t h e  h i g h e s t  Rb and h i g h e s t  f e l s i t e  c o n t e n t ,  
and subsequently sample 36-31 was s e l e c t e d  f o r  a n a l y s i s  s p e c i f i c a l l y  a s  a  t e s t  
of t h i s  hypothesis .  The presence of even very  small  amounts of f e l s i t e  d i s -  
' p l a c e s  t h e  d a t a  t o  t h e  r ight-hand s i d e  on t h e  Sr evo lu t ion  diagram, towards 

t h e  f e l s i t e  end-member (Fig .  1) . Accurate independent e s t i m a t e s  o f  t h e  f e l -  
s i t e  con ten t  of each sample a r e  needed t o  p r e s e n t  t h e  d a t a  on a  f e l s i t e - f r e e  
b a s i s .  
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Several aphani tes ,  e.g. 46-45, 258, 178 and 38-57 (Fig. 1 1 ,  show t h e  unus- 
ua l  f ea tu re  of an excessively old model age (>4.5 AE) even without cor rec t ion  
f o r  t h e i r  contents  of f e l s i t e .  The probable explanation f o r  t h i s  is  t h e  
presence of a post-4.5 AE magmatic d i f f e r e n t i a t e ,  i n  t h e  groundmass melt  and/ 
or i n  l i t h i c  o r  mineral ic  microclasts ,  t h a t  is  low i n  8 7 R b / 8 6 ~ r '  (1.04) but  higE 

8 7 i n  i n i t i a l  ~ r / ~ ~ ~ r  (20.6996). We have not  pos i t i ve ly  iden t i f i ed  such a 
component but t he  f r a c t i o n  of t h e  fe ldspa th ic  mater ial  46-102 t h a t  has an excess' 
model age would be a s u i t a b l e  candidate.  We do not favour t he  a l t e r n a t i v e  
explanation t h a t  Rb was v o l a t i l i z e d  from the  groundmass melt  during the  impact 
process,  a s  Rb/U and Cs/Rb r a t i o s  a r e  not  cons is ten t  with v o l a t i l e  l o s ses  ( 4 ) .  

Their va r i ab l e  contents  of plagioclase fragments, such as the  46-10 
plagioclase,  and of ano r thos i t i c  c l a s t s  must var iab ly  d isp lace  the  aphani tes  

8 7 towards the  ~ r / ~ ~ ~ r  a x i s  a t  .6991 on the  Sr evolution diagram. In  addi t ion ,  
admixture with l i t h i c  c l a s t s  a s  represented by the  abundant anor thos i t ic  gabbrog 
a l so  d isp laces  them towards lower y,x coordinates.  For example, sample 157 
should be r i c h e r  i n  c l a s t s  of t h e  above two types and sample 38-49 poorer.  
Because the  aphani tes  contain such c l a s t s ,  t he  magmatic d i f f e r e n t i a t e  
having high i n i t i a l  8 7 ~ r / 8 6 ~ r  t h a t  we propose as a necessary addi t iona l  com- 
ponent must l i e  above most o r  a l l  of t h e  measured poin ts .  It i s  shown on 
Figure 1 as  t h e  " ~ y p o t h e t i c a l  Igneous Sui te" ,  i n  which we have generalized 
from a s ingle  low Rb/Sr end-member t o  a range ofcogenetic d i f f e r e n t i a t e s  t h a t  
would be more reasonably expected. 

I f  t he  impact event t h a t  formed breccia  73215 a l s o  produced the  melting 
~ b s e r v e d  i n  the  f e l s i t e ,  t h e  age of t he  impact i s  constrained a s  c e r t a i n l y  
l e s s  than 4.00 AE ( t he  age of t he  f e l s i t e  magma) and probably equal t o  3.90' 
0.05 AE ( t he  f e l s i t e  i n t e r n a l  isochron) . The 3.90 AE value i s  corroborated by 
l a se r  probe A r - A r  da t ing  (51, and agrees a l s o  with t h e  age of t h e  youngest 
components of t h e  S t a t ion  7 Boulder ( 6 ) .  It i s  s ign i f i can t ly  younger than a 
Erequency peak a t  3.99 AE observed i n  A r - A r  da t e s  from t h e  Apollo 17 s i t e  ( 7 ) .  
Evidently t h e  groundmass melt  was not completely degassed during i t s  formation, 
and the  South S e r e n i t a t i s  basin-forming event occurred a t  3.9 AE not 4.0 AE. 
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Figure 1. Sr evolution diagram f o r  components of breccia  73215 ( f i l l e d  
c i r c l e s )  and Boulder I samples (open symbols) calculated f o r  3.90 AE ago, 
immediately a f t e r  aggregation of t he  brecc ias .  

Figure 2. Sr evolution diagram f o r  f e l s i t e .  
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Figure  1. Figure  2. 
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$&Em I: Rb-Sr analyt ical  data, 73215 breccia fragments. Ahmst a11 values 

mhown are the  means of duplicates. Precision 13.35 f o r  " ~ b / " ~ r  and .01% f o r  

'iSr/8'ir, u c a p t  where Gdicated.  Total 
p m  Sr ppn 
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