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Lunar rock 62295 con ta ins  a  few p e r c e n t  l i t h i c  d e b r i s  Clr and xenocrys t s  
( 2 ,  3) of c o n t r o v e r s i a l  o r i g i n .  Although t h e  rock i s  smal l  (251 g J  , r a t h e r  
g r o s s  d i f f e r e n c e s  e x i s t  between t h e  va r ious  s e c t i o n s ,  p a r t i c u l a r l y  i n  t h e  na- 
t u r e  of t h e s e  x e n o l i t h s  o r  xenocrys t s .  Ol iv ine  ( i n  p a r t  shocked?)-, p lag io -  
c l a s e ,  s p i n e l ,  and meta l  a r e  among t h e  p o s s i b l e  xenocrys t s .  I n  a d d i t i o n ,  
s h a r p l y  euhedra l ,  i n  p a r t  ske le ta1 ,phenocrys t s  (41 of normally zoned o l i v i n e  
(Fo 80-95) a r e  p r e s e n t .  We d e s c r i b e  h e r e  a  b a r r e d  o l i v i n e  chondrule ( p o s s i b l y  
a  x e n o l i t h ) ,  wi th  unusual  zoning,  t h a t  d i f f e r s  from a l l  o t h e r  x e n o l i t h s  we 
have seen and p r e s e n t s  unsolved problems a s  t o  i t s  o r i g i n ,  a s  w e l l  a s  t h a t  of 
t h e  h o s t  rock.  

The chondrule i s  a  s i n g l e  c r y s t a l  of o l i v i n e  cFo 87-92)! a lmost  p e r f e c t l y  
c i r c u l a r  i n  s e c t i o n  (623 x  660 p m ) ,  b u t  w i t h  a  jagged margin,  t h a t  con ta ins  30 
-40 b i f u r c a t i n g  b u t  s u b p a r a l l e l  s t r i n g e r s  of p l a g i o c l a s e  s e p a r a t i n g  t h e  o l i -  
v i n e  i n t o  a  s e r i e s  of b a r s  (Figs .  1 and 2 ) .  A l l  t h e  o l i v i n e  goes t o  e x t i n c -  
t i o n  e s s e n t i a l l y  s imul taneously  (wi th in  l o ) .  Severa l  a d j o i n i n g  p l a g i o c l a s e  
s t r i n g e r s  behave s i m i l a r l y ,  a s  does some o l i v i n e  (and p l a g i o c l a s e ]  i n  t h e  h o s t  
rock nearby ( F i g .  2 ) .  A t  t h e  edge of  t h e  chondrule a  20pm-band of  o l i v i n e  i s  
e s s e n t i a l l y  f r e e  of s t r i n g e r s .  The t e x t u r e  and mineralogy of t h e  h o s t  rock 
near  t h e  chondrule i s  t h e  same a s  i n  t h e  bulk  rock.  This and t h e  c r y s t a l l o -  
g raph ic  ex tens ions  from t h e  chondrule suggest  i t s  presence dur ing  c r y s t a l l i z a -  
t i o n  of  t h e  h o s t .  

Tiny p a r t i c l e s  C-1-2um) of  t r o i l i t e  p l u s  n i c k e l  i r o n  (-0.1% of chondrule)  
occur  i n  t h e  s t r i n g e r s .  The s t r i n g e r s  a r e  smal l  b u t  about Ango. Many t i n y  
s i l i c a t e  mel t  i n c l u s i o n s  ( g l a s s  p l u s  -10% vapor bubb1e)occur i n  t h e  o l i v i n e .  
They a r e  too smal l  f o r  a n a l y s i s  and comparison w i t h  t h e  much l a r g e r  m e l t  i n -  
c l u s i o n s  i n  t h e  phenocrysts  of o l i v i n e  i n  t h i s  same rock ( 4 ) .  The mode of t h e  
chondrule i s  o l iv ine -91 .2 ,  p lag ioc lase -8 .8  w t . % .  The o l i v i n e  i s  n o t  uniform 
i n  composition b u t  i s  zoned from Fog7 t o  Fog2 i n  a  p e c u l i a r  manner, wi th  i r o n -  
r i c h  core  and r i m ,  and an iron-poor in te rmedia te  zone (F ig .  3 ) .  A r ep resen ta -  
t i v e  a n a l y s i s  ( p t .  A ,  F ig .  1) shows Si02-40.3, A1203-0.05, Fe0-8.93, Mg0-50.4, 
Ca0-0.09, Mn0-0.09, and Ti02,  Cr203, and N i O  a l l  c0.05 (sum 99 .86) .  Ca, C r ,  
and A 1  vary sympathe t i ca l ly  wi th  i r o n .  The s m a l l e r  composi t ional  excurs ions  
on F ig .  3 may be s p u r i o u s ,  b u t  t h e  g r o s s  zoning p i c t u r e  i s  c e r t a i n l y  v a l i d .  I f  
t h e r e  is  any composi t ional  zoning w i t h i n  i n d i v i d u a l  b a r s ,  it must be smal l .  
The smal l  o l i v i n e  c r y s t a l  ex tens ions  o u t  i n t o  t h e  hos t  rock a r e  i r o n - r i c h ,  
l i k e  t h e  o u t e r  edge of  t h e  chondrule p roper .  The o l i v i n e  of the  chondrule is  
e s s e n t i a l l y  s i m i l a r  t o  t h a t  p r e s e n t  i n  t h e  bulk of the  rock i n  bo th  major and 
minor elements ( 4 ) .  Severa l  o t h e r  o l i v i n e  c r y s t a l s  i n  t h i s  rock ,  s h a r p l y  eu- 
h e d r a l  o r  i r r e g u l a r ,  have roughly p a r a l l e l  larnellae.  These, however, a r e  
t h i c k e r ,  much more widely spaced,  and c o n s i s t  of g l a s s  wi th  only  63%-86% norm- 
a t i v e  p l a g i o c l a s e  ( 4 ) .  

The o r i g i n  of t h e  chondrule p r e s e n t s  s e v e r a l  problems. The chondrule 
could r e p r e s e n t  c r y s t a l l i z a t i o n  o f  an  impact-generated mel t  t h a t  was b l a s t e d  
o u t  i n t o  space ,  c r y s t a l l i z e d ,  and f e l l  back i n t o  a  magma of 62295 composit ion.  
The mel t  i n c l u s i o n s  i n d i c a t e  t h a t  t h e  o l i v i n e  grew from a  m e l t ,  and p lag io -  
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clase-rich glass inclusions are found in the olivine of some meteoritic 
chondrites (5). The distribution of silicate melt inclusions and the barred 
structure suggest rapid feathery growth of olivine. Barred and feathery tex- 
tures in synthetic chondrules (6) and in lunar and meteoritic chondrules (7) 
are generally considered to be a result of extremely rapid crystallization 
from strongly supercooled melts (8). The circular cross section suggests ori- 
gin from the crystallization of a spherical droplet in free fall or zero grav- 
ity as is generally assumed for meteoritic chondrules (9). Somewhat similar 
barred chondrules of olivine and glass occur in the chondritic meteorites and 
in several lunar samples (7, 10, 11). However, the 91% olivine of the chond- 
rule contrasts strongly with the -25% olivine of the bulk rock, raising a 
problem of the origin of such a magnesian melt droplet. 

If the chondrule grew in 62295 as a phenocryst,, it is difficult to ex- 
plain the circular shape and the lack of intermediate types between this and 
the euhedral olivine phenocrysts (4, Fig. 41. The circular outline and symme- 
try of the chondrule could be a fortuitous section through a corner of a 
unique rounded and zoned phenocryst. 

If the chondrule is a meteoritic xenolith, its circular outline could be 
inherited (i.e., a true chondrule), or the result of dissolution (personal 
communication, E.C.T. Chao). In either case, its compositional similarity to 
the olivine of the surrounding rock is unusually fortuitous, unless 62295 it- 
self is a fused meteorite of unusual composition. 

The unusual zoning poses problems for all three possible modes of origin. 
We are unaware of any report of such zoning in chondrules of lunar or meteor-- 
itic origin. Furthermore, the crystals in meteoritic barred chondrules are 
usually assumed to have grown from a nucleus on the outer surface of the drop- 
let, which would not yield the observed concentric zoning. Iron-rich rims are 
found on some meteoritic olivine crystals and chondrules, possibly in part 
from equilibration with the matrix (12), and some barred chondrules even have 
rims of metallic iron, but none have iron-rich rims and cores. - 

It is possible to set up ad hoc explanations of the observed zoning by 
recourse to rapidly changing fo2 and/or temperature of crystallization (e.g., 
resulting from heat of crystallization released during rapid crystallization 
of strongly supercooled drops, 6), or by taking cognizance of two distinctly 
different environments implicit in the proposed modes of origin, i.e., free 
fall in space followed by re-equilibration in 62295 magma for the meteoritic 
and droplet modes, or deep and shallow crystallization for a phenocryst mode 
of origin. The importance of this chondrule is the occurrence of such struc- 
tures in a lunar igneous rock and the light that this might shed on the whole 
enigma of the origin of meteoritic chondrules. 
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Figs. 1 , 2 .  Chondrule i n  62295, 
i n  t ransmit ted p l a i n  l i g h t  (Fig. o~ 

1) and with crossed po la r i ze r s  
(Fig. 2 ) .  Bar = 100 p. Elec- 
t ron  microprobe ana lys is  po in t  
A and s t e p  scan t raverses  E-F 
and G-H a r e  shown on Fig. 1. 
(Offsets  on E-F were made t o  
avoid p i t s  and cracks) .  
Fig. 3. Electron microprobe 
s t e p  scans made on centers  of ,I 

individual  o l i v i n e  bars  blong 
two t raverses  shown on Fig. 1. 
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