
PRELIMINARY INVESTIGATION OF BOULDERS 2 and 3, APOLLO 17 ,  STATION 2: 
PETROLOGY AND Rb-Sr MODEL AGES, A.  L. Albee, A. A .  Chodos, R. F. Dymek 
A. J.  Gancarz, and D.  S. Goldman, Div i s ion  of Geological  and P l a n e t a r y  
Sciences ,  C a l i f o r n i a  I n s t i t u t e  of Technology, Pasadena, C a l i f o r n i a  91109. 
Contr ibut ion No. 2439. 

Prel iminary p e t r o l o g i c  s t u d i e s  on samples from S t a t i o n  2 i n d i c a t e  t h a t  
t h e  upper l ayered  u n i t s  of t h e  South Massif a r e  composed of m e t a c l a s t i c  rocks .  
It can a l s o  be  i n f e r r e d  from t h e  c l a s t  assemblage t h a t  t h e  formation of t h e s e  
u n i t s  p reda tes  t h e  e x t r u s i o n  of mare and f e l d s p a t h i c  b a s a l t s .  The c l a s t s  
a r e  predominantly members of t h e  ANT-suite which, based on a Rb-Sr s tudy  of 
a d u n i t e  c l a s t ,  a p p a r e n t l y  e x i s t e d  4.6 b.y. ago [ I ] .  

The boulders  a t  S t a t i o n  2 a r e  de r ived  from t h e  upper t h i r d  of t h e  South 
Massif and apparen t ly  inc lude  t h e  two major l i t h o l o g i c  u n i t s  which comprise 
t h e  South Massif .  Samples of b o t h  mat r ix  m a t e r i a l  and c l a s t s  were c o l l e c t e d  
from a 2m tan-grey b r e c c i a  boulder  (#2) and a 0.5m blue-grey b r e c c i a  boulder 
(113). The mat r ix  samples from bo th  boulders  a r e  modera te ly - rec rys ta l l i zed  
m e t a c l a s t i c  rocks  n o t  d i s s i m i l a r  t o  many m e t a c l a s t i c  rock samples c o l l e c t e d  
and descr ibed from t h e  Apollo 1 6  s i t e .  Pre l iminary r e s u l t s  on documented 
ch ips  and th in -sec t ions  from t h e s e  boulders  a r e  repor ted  by members of t h e  
consortium elsewhere i n  t h i s  volume and include:  f i e l d  observa t ions  [ 2 ] ;  
chemical d a t a  [3] ;  t r a c k  and microcra te r  d a t a  and s u r f a c e  exposure ages  [ 4 ] ;  
p e t r o l o g i c  and i s o t o p i c  s t u d i e s  [ I ] .  

BOULDER 112 samples 72315 and 72335 were c o l l e c t e d  from an  i r r e g u l a r  0.5m 
a r e a  which appeared t o  be a b r e c c i a  c l a s t  and samples 72355, 72375, and 72395 
were c o l l e c t e d  t o  r e p r e s e n t  t h e  m a t r i x  of t h i s  boulder .  Binocular microscope 
examination of t h e s e  samples shows them t o  be s imilar- looking,  sugary-textur-  
ed ,  coherent ,  homogeneous m e t a c l a s t i c  rocks .  They c o n t a i n  only  a few percen t  
of c l a s t s  l a r g e r  than 2-3mm. These a r e  predominantly shocked p l a g i o c l a s e ,  
but inc lude  a n o r t h o s i t i c  rock and s i n g l e  c r y s t a l s  of o l i v i n e  and pyroxene. 
The l a r g e s t  such c l a s t  is lOmm a c r o s s ,  but  somewhat l a r g e r ,  h ighly-vesicular  
patches  may be v e s t i g i a l  b r e c c i a  i n c l u s i o n s .  These pa tches  a r e  r i c h  i n  
i r regular ly-shaped v e s i c l e s  and con ta in  r e l a t i v e l y  coarse-grained p l a g i o c l a s e  
and pyroxene which a r e  i n  t h e  mat r ix  and which a l s o  p r o j e c t  i n t o  t h e  v e s i c l e s .  
Sample 72395 con ta ins  a shallow, lOxl4mm v e s i c l e  l i n e d  wi th  pyroxene and 
p lag ioc lase  c r y s t a l s .  I r r e g u l a r  zones of s l i t  v e s i c l e s  and t i n y  s p h e r i c a l  
v e s i c l e s  (<lmm) a l s o  occur i n  t h e s e  samples. 

The samples of bo th  t h e  c l a s t  and mat r ix  from t h i s  boulder appear n e a r l y  
i d e n t i c a l  i n  th in - sec t ion  and c o n t a i n  about 20% megaclas ts  ( 0 . 1  t o  2.5mm) set 
i n  a f ine r -g ra ined ,  p a r t i a l l y - r e c r y s t a l l i z e d  mat r ix .  The c l a s t s  a r e  mostly 
s i n g l e  c r y s t a l s  of p l a g i o c l a s e ,  bu t  inc lude  some shocked g r a i n s  and anhedral  
aggregates.  C l a s t s  of o l i v i n e ,  pyroxene, and pink s p i n e l  a r e  much l e s s  
abundant. Secondary overgrowths and r e a c t i o n  r i m s  occur on numerous c l a s t s .  

The mat r ix  c o n s i s t s  of anhedra l  g r a i n s  of p l a g i o c l a s e ,  pyroxene, and 
o l i v i n e .  Por t ions  of t h e  mat r ix  con ta in  up t o  10% K20. P l a g i o c l a s e  i s  n o t  
lath-shaped and pyroxene and o l i v i n e  do no t  form o i k o c r y s t s  a s  i n  many Apollo 
16 m e t a c l a s t i c  rocks.  The composit ions of t h e s e  minera l s  are similar i n  t h e  
mat r ix  and c l a s t s  i n  a l l  f i v e  samples ( f i g .  1 ) .  Opaque minera l s ,  which 
c o n s t i t u t e  s e v e r a l  pe rcen t  of t h e  rock,  include i l m e n i t e ,  a r m a l c o l i t e ,  r u t i l e ,  
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ulv5spine1,  s p i n e l ,  t r o i l i t e ,  and Fe-metal. 
The n a t u r e  of t h e  i r r e g u l a r  pa tch ,  t e n t a t i v e l y  i d e n t i f i e d  by Schmitt  

on t h e  moon a s  a l a r g e  c l a s t ,  i s  n o t  y e t  c l e a r .  P e t r o g r a p h i c a l l y ,  both  s e t s  
of samples a r e  s i m i l a r ,  bu t  chemical d a t a  i n d i c a t e  t h a t  one sample from t h e  
c l a s t  (72315) d i f f e r s  from t h e  o t h e r  f o u r  [ 3 ] .  C l a s t  sample 72315 has  had a 
much s h o r t e r  exposure on t h e  l u n a r  s u r f a c e  than t h e  mat r ix  sample (72395) 
[ 4 ] ,  suggest ing t h a t  t h e  i r r e g u l a r  pa tch  seen by Schmitt could be a s p a l l e d  
s u r f a c e .  Since  no s p a l l e d  fragments a r e  p resen t  a t  t h e  f o o t  of t h e  boulder ,  
t h e  t ime of s p a l l i n g  may preda te  t h e  emplacement of t h e  boulder  i n  i t s  
p resen t  p o s i t i o n .  

Rb-Sr model ages  (T ) f o r  c h i p s  from samples 72315, 72335, 72355, 
72375, and 72395 a r e  4.58fB&.49, 4.38, 4.37 and 4.46 b a y . ,  r e s p e c t i v e l y  [ 5 ] .  
S imi la r  model ages  have been ob ta ined  previously  from o t h e r  such m e t a c l a s t i c  
rocks ,  which y ie lded  r e c r y s t a l l i z a t i o n  ages  of about 3.95 b.  y. by 4 0 ~ r /  3 9 ~ r  
s tepwise  hea t ing  o r  Rb-Sr i n t e r n a l  i sochrons .  

BOULDER iI3 samples 72415 t o  72418 were c o l l e c t e d  from a s i n g l e  lOx20cm 
c l a s t  of crushed d u n i t e  and sample 72435 was c o l l e c t e d  t o  r e p r e s e n t  t h e  
matrix.  Photographs i n d i c a t e  t h a t ,  a l though t h e  boulder c o n t a i n s  a v a r i e t y  
of 2-6cm c l a s t s ,  t h e  c l a s t  of d u n i t e  i s  t h e  l a r g e s t .  Sample 72435 d i f f e r s  
from t h e  samples of boulder iI2 i n  c o l o r  (dark blue-grey),  by a l e s s e r  
abundance (bys5%) and s i z e  (up t o  1 5 m )  of c l a s t s ,  and by t h e  presence of 
l a r g e  (up t o  8mm) smooth-walled v e s i c l e s .  It con ta ins  zones of a l igned ,  s l i t  
v e s i c l e s  and minute s p h e r i c a l  v e s i c l e s  as i n  boulder #2, bu t  n o t  t h e  
c rys ta l l ine -appear ing ,  h igh ly-ves icu la r  patches .  The l a r g e  c l a s t s  inc lude  
a n o r t h o s i t e ,  t r o c t o l i t e ,  d u n i t e  and i n d i v i d u a l  c r y s t a l s  of o l i v i n e ,  pyroxene 
and shocked and unshocked p l a g i o c l a s e .  No volcanic- textured c l a s t s  a r e  
p r e s e n t .  

The t h i n  s e c t i o n  shows about 15% megaclasts s e t  i n  a m e t a c l a s t i c  ground- 
mass which i s  f ine r -g ra ined  than t h e  mat r ix  of boulder #2. Most of t h e  c l a s t s  
a r e  p l a g i o c l a s e ,  inc lud ing  shocked c r y s t a l s  which e x h i b i t  a f e l t y ,  r e c r y s t a l -  
l i z a t i o n  t e x t u r e .  I n  addition,many p l a g i o c l a s e  c l a s t s  have secondary over- 
growths of p lag ioc lase .  Pyroxene and o l i v i n e ,  have a l i m i t e d  range of Mg/Fe 
which i s  s i m i l a r  t o  boulder //2, bu t  some p l a g i o c l a s e  is more s o d i c  than i n  
boulder /I2 ( f i g .  1 ) .  One unique minera l  i s  a 20vm g r a i n  of c o r d i e r i t e  in -  
cluded i n  a s p i n e l ,  which i t s e l f  is  p a r t  of a p lag ioc lase - r i ch ,  l i t h i c  c l a s t ,  

The c l a s t  of d u n i t e ,  which e x h i b i t s  a complex shock h i s t o r y  and c o n s i s t s  
almost e n t i r e l y  of o l i v i n e  (Fo 6- 9 ), is discussed i n  a s e p a r a t e  a b s t r a c t  
[ I ] .  Despi te  t h e  complex shoca h a s t o r y ,  i s o t o p i c  d a t a  i n d i c a t e  an extremely 
o ld  age (4.6qt0.09 b.y.) f o r  t h i s  rock [ I ] .  

DISCUSSION These p re l iminary  d a t a  i n d i c a t e  t h a t  boulders  /I2 and /I3 a r e  
m e t a c l a s t i c  rocks ,  c h a r a c t e r i z e d  by a g r e a t  abundance of ANT-type m a t e r i a l  
and by t h e  general  absence of bo th  mare and f e l d s p a t h i c  b a s a l t s .  I f  t h e s e  
boulders a r e  indeed from t h e  upper p o r t i o n  of t h e  South Massi f ,  then t h e  two 
u n i t s  comprising t h e  South Massif must be composed of m e t a c l a s t i c  rock.  
From t h e  abundance of ANT-type m a t e r i a l  and t h e  absence of both  mare and 
f e l d s p a t h i c  b a s a l t s ,  i t  may be i n f e r r e d  t h a t  t h e  formation of t h e s e  u n i t s  
p reda tes  t h e  ex t rus ion  of t h e s e  b a s a l t s .  A l t e r n a t i v e l y ,  t h e  r e s t r i c t e d  c l a s t  
populat ion may j u s t  r e p r e s e n t  d e r i v a t i o n  from a l i m i t e d  source  reg ion .  The 
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occurrence ofthe4.6 b.y. old dunite in a metaclastic unit, which contains 
clasts restricted to the ANT-suite, as well as the petrologic similarity of 
dunite to the ANT-suite of rocks, strongly suggest that the ANT-suite also 
formed at 4.60 bay. even though most returned ANT samples have been exten- 
sively modified by later events. This corroborates the various hypotheses 
[6], which suggest that the lunar crust formed very early in the evolution of 
the moon by extensive melting with associated differential, gravitational 
separation of opaque oxides, olivine, pyroxene, plagioclase, and residual 
liquid. 
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