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Since t he  discovery of green g lasses  by the  Apollo 15 astronauts ,  seve- 
r a l  hypotheses about t h e i r  o r ig in  have been discussed such a s  volcanic for-  
mation, impact melting, impact i n t o  lava lakes  and vapor condensation (e.g. 
( I ) ,  ( 2 ) ,  ( 3 ) ,  ( 4 ) ) .  Main and t r a c e  element chemistry and surface enrich- 

ment of v o l a t i l e  elements favour t he  hypothesis of the  formation of t he  
green g l a s s  beads by explosive f i re-fountaining of a magma from the  deep 
lunar i n t e r i o r .  

To e luc ida te  t he  process of formation, we have t r i e d  t o  determine the  
cooling h i s to ry  of t h e  d rop le t s  by an inves t iga t ion  of green g l a s s  beads i n  
s o i l  breccia  15427 and by cooling and c r y s t a l l i z a t i o n  experiments with a 
synthe t ic  melt  of green g l a s s  composition. 

28% of t he  green g l a s s  beads i n  t h i n  sect ion 15427,29 a r e  g lassy  and 
72% contain o l i v i n e  (no other  phases have been observed). The majori ty  of 
t h e  o l i v ine  c r y s t a l s  a r e  t h i n  s k e l e t a l  p l a t e s  // (OOl), cons is t ing  of a gra- 
t i n g  of l a t h s ,  bounded by (120);  t h e  p l a t e s  appear a s  needles i f  seen i n  a 
d i r ec t i on  // (001). 51% of the  v i t rophyr ic  beads show c i r c u l a r  and 49% el- 
l i p t i c a l  c ross  sec t ions ;  62% of t h e  g lassy  cross  sec t ions  a r e  c i r c u l a r  and 
38% a r e  e l l i p t i c a l .  Fig. 1 shows measured s i z e  frequency d i s t r i b u t i o n s  of 
g lassy  and v i t rophyr ic  c ross  sec t ions  (diameter of e l l i p t i c a l  c ross  sec t ions  
= ar i thmetic  mean of long and sho r t  diameters) .  Neglecting the  sect ioning 
e f f e c t ,  we regard t he  measured d i s t r i b u t i o n s  a s  represen ta t ive  f o r  t he  t r u e  
s i z e  d i s t r i b u t i o n s  of green g l a s s  beads i n  15427,29. A cor rec t ion  would re-  
s u l t  i n  a s l i g h t  s h i f t  of the  curves t o  la rger  diameters (5 ) .  The s i z e  d i -  
s t r i b u t i o n s  of v i t rophyr ic  and g lassy  beads a re  near ly  symmetrical and well  
sor ted  ( sor t ing  coe f f i c i en t s  a r e  1.46 and 1.41, respec t ive ly) .  The vitrophy- 
r i c  beads a r e  i n  t he  average l a rge r  than t h e  glassy ones by a f ac to r  of 
about 2 (Fig. 1 ) .  It  follows t h a t  i n  t h e  average melt  d rop le t s  0.094 mm i n  
diameter cooled s o  rapidly t h a t  no o l iv ine  c r y s t a l s  could be formed, where- 
a s  t h e  cooling r a t e  of d rople t s  0.22 mm i n  diameter was slow enough t o  allow 
t h e  growth of l a rge  o l i v ine  c rys t a l s .  The f a c t  t h a t  v i t rophyr ic  and g lassy  
beads occur c lo se  together i n  breccia  15427 ind ica tes  t h a t  they were incor- 
porated i n  t he  s o l i d  s t a t e .  Cooling from above the  l iqu idus  temperature 

0 
(1270°cI (6)  ) t o  t he  g l a s s  t r a n s i t i o n  temperature (610 C, (7)  ) took p lace  
p r i o r  t o  embedding. 

In t he  cooling experiments, l i qu id  drople t s  of a synthe t ic  green g l a s s  
camposition (Table 1 )  were allowed t o  cool e i t h e r  i n  " f ree- f l igh t"  r ad i a t i on  
cooling o r  a t  predetermined cooling r a t e s  i n  an induction-heated vacuum fur -  
nace a s  described i n  (8). According t o  these  experiments, green g l a s s  drop- 
l e t s  of 0.22 mm i n  diameter would cool by rad ia t ion  i n  f r e e  f l i g h t  a t  a ra-  
t e  of about 200O0c/sec through the  temperature range 1050 - 1 0 0 0 ~ ~ .  This 
range corresponds approximately t o  t h a t  of the  maximum c r y s t a l l i z a t i o n  r a t e  
i n  green g l a s se s  (6 ) .  Experiments a t  predetermined r a t e s  yielded a c r i t i c a l  
cooling r a t e  (minimum r a t e  required for  the  green g l a s s  melt  tooso l id i fy  a s  

0 
g l a s s )  of about 1 C/sec i n  t he  temperature i n t e rva l  1050 - lOOo C, i n  c lose  
accordance with t he  f i gu re  0 . 8 ~ ~ / s e c  derived theore t ica l ly  ( 9 ) .  

We conclude t h a t  the  green g l a s s  beads i n  breccia 15427 were formed by 
cooling of l i qu id  drople t s  i n  an hot  environment which caused them t o  cool 
through the  range of o l i v ine  c r y s t a l l i z a t i o n  a t  cooling r a t e s  th ree  orders  
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o f  magnitude slower than  i n  f r e e  f l i g h t .  Cooling i n  a h o t  vapor  would be  a 
p o s s i b l e  s c e n a r i o .  
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Fig .  1 S i z e  f requency d i s t r i b u -  
t i o n  o f  g l a s s y  and v i t r o -  

p h y r i c  c r o s s  s e c t i o n s  (15427,29).  
Log-probabi l i ty  s c a l e .  

Table  1 .  Chemical compo- 
s i t i o n  of  g r e e n  g l a s s e s .  

w t . %  Synth. Lunar 
(Aver. ( l o )  1 

FeO 18.89 20.5 

CaO 8.86 8.4 

T o t a l  99.54 99.3 
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