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Rock 15015 was a tough 47708 b r e c c i a  c o l l e c t e d  from t h e  s u r f a c e  20m 
west of t h e  Apollo 15 l u n a r  module. It has an ex tens ive  dark g l a s s  coa t ing ,  
which i s  t h i c k  and f r o t h y  on t h e  upper su r faces  but  i s  t h i n  and smoother 
on t h e  lower por t ions  of t h e  rock.  The p o l a r i z a t i o n  p r o p e r t i e s  of t h e  
upper s u r f a c e  a r e  c o n s i s t e n t  wi th  i t  being h igh ly  v i t r e o u s  and complex i n  
s t r u c t u r e .  The change of p o l a r i z a t i o n  phase angle conforms wi th  
previously  measured rough b r e c c i a  s u r f a c e s  and l u n a r  f i n e s .  E lec t ron  
microscopy suggests  t h a t  a g l a s s  coat  i s  ubiqui tous  and r e v e a l s  t h e  presence 
of mic rocra te r s  and mounds. Some of t h e  l a t t e r  a r e  p o s s i b l y  m e t a l l i c  
f e a t u r e s  produced by reduct ion.  

The bulk  chemical composition of 15015 i s  %Si02 47.11, Ti02 1.90,  
A1203, 14.46, Cr203 0.40,  FeO 14.38, Mn0 0.19, MgO 9.93, CaO 10.49, Na20 0.31,  
K20 I ,28 ,  P2O5 0.22. This composition i s  in te rmedia te  between Fra  Mauro 
and Mare m a t e r i a l  and comparable t o  t h e  l o c a l  s o i l  (Fig .1) .  The b r e c c i a  
i s  packed wi th  f i n e  mineral  c l a s t s ;  t h e  grade i s  low i n  Warner group 2. 
The l a r g e r  ( 0 . 5 m )  c l a s t s  inc lude  10% rock fragments,  19% pyroxene, 8% 
p l a g i o c l a s e ,  10% g l a s s  fragments,  1.3% metal oxides and su lph ides ,  
toge ther  wi th  51% matr ix .  Among t h e  rock fragments mare b a s a l t s ,  
p lag ioc lase  b a s a l t s ,  F r a  Mauro b a s a l t s  and subordinate  m e t a c l a s t i c s  were 
recognised minera log ica l ly .  The g l a s s , o f t e n  p a r t i a l l y  d e v i t r i f i e d ,  occurs 
a s  spheres ,  ropey t w i s t s ,  angular  fragments,  e t c .  F r a  Mauro types 
predominate (Fig.  1) wi th  Mare types  being subordinate .  Also p resen t  
a r e  broken d e v i t r i f i e d  fawn spheres  which a r e  c l o s e  i n  composition t o  t h e  
Apollo 15 green g l a s s .  The coa t ing  g l a s s  i s  c l o s e  t o  t h e  bulk  composition 
of 15015 and was probably formed by mel t in  of c o n s t i t u e n t s  of t h e  rock 

38 r a t h e r  than a s  splashed m a t e r i a l . / /  4 0 ~ r /  A r  measurements have been made 
on samples of mat r ix ,  a dark v a r i o l i t i c  b a s a l t  c l a s t ,  bubbly g l a s s  from 
t h e  upper s u r f a c e  and a c l a s t  of p a l e ,  mesostas is- r ich ,  F r a  Mauro type 
b a s a l t .  Both c l a s  s  show e f f e c t s  of extreme radiogenic  argon l o s s  (75%) 

3 6 and p r e c i s e  4 0 ~ r /  A r  age determinat ign i s  n o t  poss ib le .  The F r a  Mauro 
type b a s a l t  probably c r y s t a l l i z e d  3.8-0.lby ago, o r  e a r l i e r  and r e p r e s e n t s  
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highland m a t e r i a l .  The v a r i o l i t i c  b a s a l t  probably c r y s t a l l i z e d  3.5-0.2by 
ago, but  because of i t s  low K content  and extreme argon l o s s  it i s  no t  
p o s s i b l e  t o  determine whether i t  r e p r e s e n t s  pre-mare m a t e r i a l  o r  a l a t e r  
e x t r u s i o n  i n t o  t h e  Imbrium bas in .  Argon i n  t h e  mat r ix  and t h e  g l a s s  
i s  domigated by aj$rapqpd component; however, a c o r r e l a t i o n  between 
4 0 ~ r /  A r  and A r /  A r  f o r  s u r f a c e  g l a s s  appears t o  i n d i c a t e  an 

' i sochron  age' of 1.2by. T h i s  p o s s i b l y  r e p r e s e n t s  an upper l i m i t  
f o r  t h e  age of t h e  g l a s s  b u t  could a l s o  be a mani fes ta t ion  of p a r t i a l l y  
outgassed o l d e r  i n c l u s i o n s .  //combined high vo l tage  and scanning e l e c t r o n  
microscopy have revea led  r a d i a t i o n  damage f e a t u r e s  which suggest  t h a t  a t  
l e a s t  some of t h e  c o n s t i t u e n t  g r a i n s  have been exposed t o  cosmic rays  
p r i o r  t o  b r e c c i a t i o n ,  which may i n d i c a t e  a mixture of mature and 
immature components. About 30% of t h e  g r a i n s  have m i c r o c r y s t a l l i t e s  of 
appearance s i m i l a r  t o ,  bu t  l a r g e r  i n  s i z e  than,  those  repor ted  p rev ious ly  
i n  Apollo 11 and Warner group 1 and 2 Apollo 14 Dreccias.  The d e n s i t y  of 
etched t r a c k s  extends over  almost t h r e e  o r d e r s  of magnitude from 107 t o  
1010 tracks/cm2; t h e  low t r a c k  d e n s i t i e s  suggest  a recen t  exposure f o r  
t h e  g l a s s  coa t ing .  

Gas r e l e a s e  p a t  t e r n s  show high temperature 3 8 ~ r / ~ ~ ~ r  p la teaux  and 
i n d i c a t e  t h a t  d i f f e r e n t  c l a s t s  have q u i t e  d i s t i n c t  exposure ages. Thus, 
3 8 ~ r  ages (based on a product ion r a t e  of 1 .4  x 10-8cc S T P / ~ O ~ ~ / ~ C ~ )  of 
490my f o r  t h e  F r a  Mauro b a s a l t  fragment and 1290my f o r  the  v a r i o l i t i c  
b a s a l t  c l a s t  i n d i c a t e  a p r e b r e c c i a t  ion i r r a d i a t i o n  h i s t o r y  of a t  l e a s t  
800my f o r  t h e  l a t t e r .  The low temperature 3 8 ~ r / 3 7 ~ r  r a t i o s ,  l i k e  t h e  
4 0 ~ r / 3 9 ~ r  r a t i o s ,  a r e  depressed by d i f f u s i o n  and i n d i c a t e  an o v e r a l l  l o s s  
of 25% cosmogenic argon i n  both  samples. The l o s s  of r ad iogen ic  and 
cosmogenic argon may have r e s u l t e d  from shock-induced h e a t i n g  although the  
ease  wi th  which argon i s  evolved from rocks i n  t h e  l abora to ry  suggests  
t h a t  r ecen t  s o l a r  h e a t i n g  cannot be discounted.  

2 1 ~ e  exposure ages f o r  t h e  mat r ix  and f o r  t h e  F r a  Mauro b a s a l t  c l a s t  
l i e  between 250 and 310my. A cons idera t ion  of t h e  l o s s  of 2 1 ~ e ,  which 
must have occurred,  should render  t h e s e  ages c o n s i s t e n t  w i t h  the38Ar age 
c a l c u l a t e d  f o r  t h e  same c l a s t .  3 ~ e  exposures ages f o r  a l l  samples measured 
a r e  l e s s  than 100my. 

No amorphous coa t ings  o r  high d e n s i t i e s  of l a t e n t  t r a c k s  a r e  
observable by e l e c t r o n  microscopy; however, s o l a r  wind implanta t ion i s  
i n d i c a t e d  by t h e  abundance of carbon and n i t r o g e n  s p e c i e s  and s o l a r  wind 
r a r e  gases.  The average t o t a l  C , N  and S va lues  f o r  t h e  rock a r e  121, 54, 
and 630ppm, r e s p e c t i v e l y .  The carbon and n i t r o g e n  concen t ra t ions  a r e  
r e s p e c t i v e l y  z. 20 and 50% lower than observed f o r  t h e  same elements i n  
15012 f i n e s  from t h e  same sampling s t a t i o n .  The sulphur  measurements 
f o r  t h e  rocks and f i n e s  a r e  n o t  s u b s t a n t i a l l y  d i f f e r e n t .  A l l  t h r e e  
elements measured f o r  t h e  rock a r e  dep le ted  i n  t h e  h e a v i e r  i so topes .  
Laboratory h e a t  t rea tment  a t  8000 C of 15012 f i n e s  reduces t h e  t o t a l  C and 
N by 20 and 45% r e s p e c t i v e l y ;  sulphur  shows n e g l i g i b l e  l o s s .  The gaseous 
carbon and n i t r o g e n  spec ies  r e l e a s e d  by t h e  p y r o l y s i s  a r e  enr iched i n  
13c and I%. The d a t a  sugges t s  t h a t  15015 has been heated t o  8000C 
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during o r  subsequent t o  i t s  formation from l o c a l  f i n e s .  This  thermal event  
however, may n o t  have r e s u l t e d  in uniform h e a t i n g  of the  rock. The CD4/ 

CHq r a t i o s  measured f o r  t h e  gases r e l e a s e d  by D C 1  d i s s o l u t i o n  from var ious  
s e c t i o n s  of 15015 (bottom 7.3, middle 26 and top  O o ) ,  suggest  p r e f e r e n t i a l  
l o s s  of CHq r e l a t i v e  t o  l e s s  v o l a t i l e  ca rb ide  from t h e  uppermost p o r t i o n s  
of the  rock. The r a t i o  observed f o r  t h e  bottom i s  approximately s i m i l a r  
t o  t h a t  normally encountered f o r  grade 0 o r  1 s o i l  b r e c c i a s  and microbreccias .  
The high r a t i o s  f o r  t h e  middle and top s e c t i o n s  suggest  t h a t  t h e  m a t e r i a l  
i n  these  a reas  had experienced a more v i o l e n t  process  ( g r e a t e r  temperatures 
o r  longer  t imes) than b r e c c i a t i o n .  High CDq/CHq r a t i o s  have p rev ious ly  
been observed i n  g l a s s y  a g g l u t i n a t e  samples ( 2 ) .  The l i g h t  r a r e  gases  and 
n i t rogen  a r e  a l s o  dep le ted  i n  t h e  upper por t ions  of 15015.//The consortium 
i n v e s t i g a t i o n s  a l low t h e  fol lowing s t e t  conclusions concerning t h e  h i s t o r y  
of rock 15015: The b r e c c i a  (metamorphic grade 2) was formed from d i v e r s e  
well-mixed l o c a l  s o i l  of varying exposure age and matur i ty .  L i t h i f i c a t i o n  
could n o t  have o ~ c u @ $ $ , l & , ~ ~ ~ ~ % J ~ p .  2by; however, t h e  age of t h e  f r o t h y  
v e s i c u l a r  s u r f a c e  g l a s  suggests  a g rega t ion  occurred 1.2by ago, The 
process respons ib le  f o r  the  conso l ida t ion  of t h e  rock o r  a subsequent thermal 
even t ,  induced non-uniform hea t ing  t o  about 800°C a t  the  bottom and h igher  

25 F . ( o r  longer)  a t  t h e  top  
15015 f r a c t i o n a t i n g  trapped s o l a r  

t? t! wind components p resen t  i n  
t h e  c o n s t i t u e n t  s o i l  g r a i n s .  
A f t e r  formation,l5015 was . . bur ied  a t  a depth g r e a t e r  

20 - I +GGoG? than 2 metres u n t i l  it was / e j e c t e d  onto  t h e  lunar  
su r f  ace p o s s i b l y  around 
30my ago. 
e - 

15015 Glass fragments and 
coat ings  FeO-MgO. 

tAverages  of Apollo 15 g l a s s  
types .  

mThree analyses  of rock 15015 
ABubbly coa t ing  g l a s s  on 15015 
+Glass seam i n  15015 ,probably 

sp lash  g l a s s  
* I n d i v i d u a l  g l a s s  fragments.  
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