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Since t h e  discovery of orange and black g l a s ses  by the  Apollo 17 as t ro-  
nauts severa l  hypotheses about t h e i r  o r ig in  have been discussed. Main and 
t r ace  element chemistry and surface enrichment of v o l a t i l e  elements favour 
the  hypothesis of t he  formation of the  g l a s s  beads by explosive fire-foun- 
ta in ing  of a  magma from the  deep lunar i n t e r i o r .  

To e luc ida t e  t he  process of formation we have t r i e d  t o  determine the  
cooling h i s t o r y  of t he  d rop le t s  by an inves t iga t ion  of orange and black g l a s s  
beads i n  s o i l  74220 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 orange g l a s s  composition. 

The s i z e  frequency d i s t r i b u t i o n s  of g lassy  (orange) and v i t rophyr ic  
(black) beads i n  the  1 2 5 - 2 5 0 p  s ieve  f r a c t i o n  of s o i l  74220 were determined 
by measuring the  diameters of c ross  sec t ions  i n  t h i n  sec t ion  74220,239. 39% 
of t he  g l a s sy  and 63% of t he  v i t rophyr ic  beads have e l l i p t i c a l  c ross  sect ions.  
For e l l i p t i c a l  beads the  mean between longest  and s h o r t e s t  axes was taken a s  
t he  average diameter. The average diameter (0.160 mm) of t he  v i t rophyr ic  beads 
i s  no t  much, bu t  s i g n i f i c a n t l y  l a rge r  than t h a t  (0.144 mm) of t he  g lassy  ones 
(Fig. 1 ) .  

Some of t he  g lassy  and v i t rophyr ic  spherules contain c r y s t a l s  and frag- 
ments of o l iv ine  formed before d rop le t  formation. Crys ta l l ized  phases i n  t he  
now vi t rophyr ic  d rop le t s  a r e  o l iv ine  and i lmenite .  Olivine c r y s t a l l i z e d  f i r s t  
and forms t h i n  s k e l e t a l  p l a t e l e t s ,  probably p a r a l l e l  (100) which a r e  elonga- 
ted  e i t h e r  i n  t he  c=l001] o r  b=f010] d i r ec t ion .  The p l a t e s  cons i s t  e i t h e r  of 
one s e t  of lamellae or ien ted  a t  90° t o  the  elongation, o r  of a  fea ther - l ike  
a r ray  of two lamellae systems emerging from a c e n t r a l  q u i l l  a t  angles of 
about 45O. The o l i v i n e  c r y s t a l s  appear a s  long needles i f  seen i n  d i r ec t ions  
p a r a l l e l  t o  (100) .  In most spherules t he  o l iv ine  c r y s t a l s  a r e  or iented exact- 
l y  p a r a l l e l  t o  each o ther  and s t a r t e d  t o  grow from the  surface.  In e l l i p t i c a l  
beads t h e  o l i v i n e  c r y s t a l s  a r e  i n  most cases  or iented p a r a l l e l ,  sometimes per- 
pendicular ,  and r a r e l y  i n  two s e t s  a t  45O t o  the  long ax i s .  This i nd ica t e s  
t h a t  t he  shaping of melt  d rop le t s  by r o t a t i o n a l  forces  was f in i shed  when cry- 
s t a l l i z a t i o n  began. I lmenite  forming small dendr i t i c  spikes mantles t h e  o l i -  
v ine  c r y s t a l s .  

In  t h e  cooling experiments l i qu id  d rop le t s  of a  synthe t ic  orange g l a s s  
composition (Table 1 )  were allowed t o  cool under " f r ee - f l i gh t "  r ad i a t ion  coo- 
l i n g  condit ions i n  an induction heated vacuum furnace ( 1 ) .  The experiments 
showed t h a t  t he  c r i t i c a l  diameter f o r  c r y s t a l l i z a t i o n  of d rop le t s  under "free-  
f l i g h t "  condit ions i s  about 2 mm, corresponding t o  a  c r i t i c a l  cooling r a t e  of 
about 1 0 0 0 ~ s e c - ~  i n  t he  temperature i n t e r v a l  1100-10000C. The c r y s t a l l i z a t i o n  
i s  indica ted  by an exothermic hea t  e f f e c t  i n  t he  thermocouple emf records a t  
1000-950~~ .  Theoret ical  cooling r a t e s  may be calculated with a  modified Ste- 
fan-Boltzmann equation ( 1 ) .  Assuming a  t o t a l  emissivi ty  of 0.8, a  dens i ty  of 
3.4 g.m-3, a temperature of 200 K f o r  the  in te rp lane tary  space ( 2 )  and using 
the  s p e c i f i c  hea t  capaci ty of 0.34 calSg-l . K - ~  f o r  l i qu id  orange g l a s s  (3 )  , 
an average " f r ee - f l i gh t "  cooling r a t e  of 86°~- sec -1  a t  1 0 5 0 ~ ~  i s  obtained 
f o r  l i q u i d  orange g l a s s  d rop le t s  2 mm i n  diameter. For d rop le t s  0.15 mm i n  
diameter,  t h e  average s i z e  of lunar beads i n  the  125-250.am f r a c t i o n  of 74220, 
t he  ca lcu la ted  " f r ee - f l i gh t "  cooling r a t e  i s  11480~.  sec-I a t  1050°C. 

We conclude t h a t  orange and black beads i n  74220 cooled, s imi l a r ly  t o  
t he  Apollo 15 green g l a s ses  ( 4 ) ,  a t  r a t e s  lower than those they would expe- 
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r i e n c e  a t  " f r e e - f l i g h t "  c o n d i t i o n s .  The r e t a r d a t i o n  i n  coo i ing  may be due t o  
a  h o t  vapour environment o r  be caused by t h e  r a d i a t i o n  s h i e l d i n g  e f f e c t  i n  a 
dense cloud of r a d i a t i n g  d r o p l e t s .  
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Fig.  1 S i z e  frequency d i s t r i b u t i o n s  
of 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  i n  t h e  125-250 pm 
s i e v e  f r a c t i o n  of 74220. 

Log-probabi l i ty  s c a l e .  

Table 1.  Chemical composition of 
Apollo 17 orange g l a s s e s  
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