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An accurate knowledge o f  t h e  elemental and i so top l c  composit ion o f  t h e  v o l a t l l e  Inventory 
i n l t l a l l y  acquired dur lng  lunar format ion I s  o f  considerable Importance I n  e l u c i d a t i n g  the  o r i g i n  
and e v o l u t i o n  o f  the  Moon. Unfor tunate ly .  it has proven q u i t e  d l f f l c u l t  t o  acqu l re  t h l s  
in format ion  owlng t o  t h e  extreme pauc l t y  o f  indigenous v o l a t i l e s  a t  t he  lunar surface, and t h e  
heavy ove rp r l  n t  o f  implanted so la r  wind p a r t i c l e s  and cosmic ray produced nucl ides which tends t o  
mask t h e  signatures o f  any lunar gases t h a t  a re  present. I n  recent  years however, I n  a  search f o r  
"bo t t l esn  t h a t  may have re ta ined  a n a l y t i c a l l y  reso lvab le  q u a n t i t i e s  o f  p r imord ia l  v o l a t l l e s ,  
a t t e n t i o n  has been focused on green and orange g lass  spherules which have been found a t  several o f  
t h e  lunar land ing s i t es .  Despl te some i n i t i a l  controversy most i nves t i ga to rs  now agree t h a t  
these glasses r e s u l t e d  from the r a p i d  quenchlng o f  molten s i l i c a t e  d rop le t s  which were eJected 
i n t o  t he  lunar "atmosphere" du r l ng  the  exp los ive  vo lcan lc  e rup t i on  o f  u l t r a m a f l c  magmas onto t he  
lunar surface (1,2). I t  appears t h a t  t h e  source reg lons f o r  these magmas may have been a t  depths 
as g rea t  as several hundred k i l u n e t e r s  (21, t h a t  is, i n  regions t h a t  mav not  have experienced 
subs tan t l a l  me l t i ng  and concomitant loss  o f  v o l a t i l e s  dur lng  t h e  "magma ocean" phase of lunar 
e v o l u t i o n  some 4.4AE ago. Indeed, s tud ies  o f  t he  cool l ng  h i s t o r i e s  (3)  and su r f  l c l a l  sub1 imate 
coat ings  (4 )  o f  these g lass  spherules have shown t h a t  It I s  probable t h a t  t he  i n l t i a l  l y  molten 
d rop le t s  cooled dur lng  f r e e - f a l l  through a  gaseous medium whlch presumably accompanied t h e  
e rup t i ng  magmas t o  t h e  lunar surface. I t  was surmised there fore ,  t h a t  t he  r a p i d  quenching o f  t he  
s i l l c a t e  d rop le t s  may have precluded t h e  near -quant i ta t ive  degassing o f  v o l a t i l e s  t h a t  I s  t y o i c a l  
o f  mare basa i t s  f o r  example. The noble gas contents o f  several o f  these glasses (5.6) and o the r  
samples ( 7 )  were the re fo re  analyzed by several investigators, but  t h e  r e s u l t s  o f  these at tempts t o  
I sol  a te  a  p r i  s t1  ne v o l a t l  l e  component, indigenous t o  t h e  Moon, have general l y  proven t o  be 
lnconc lus lve  due t o  r e l a t i v l e y  low gas contents,  complex sample h i s t o r i e s  and d i f f i c u l t y  i n  
separat ing t he  desired component f r a n  the  radiogenic,  cosmogenlc, re lmplanted lunar atmosphere, 
and so lar  wind components which are a l l  present i n  vary ing degrees I n  these glasses. Subsequently 
however, It was f o  d  t ha t8a  ~ a l  l  f r a c t i o n  o f  t he  lunar  glass spherules conta in  sealed ves i c l es  
on t h e  order o f  10-'to 10 an i n  volume (8,91. Whl l e  t he re  i s  no c e r t a i n t y  t h a t  these ves i c l es  
c u r r e n t l y  conta in  a  f r ee  v o l a t i l e  phase, o r  even t h a t  these ves i c l es  are the  r e s u l t  o f  a  v o l a t i  l e  
vapor phase exso lv ing  from a l i q u i d  magma, t h e  p o s s i b i l i t y  t h a t  a  sample o f  p r imord ia l  lunar gas 
i s  t rapped i n  t he  i n t e r l o r  o f  these unusual glasses i s  c e r t a i n l y  t a n t a l i z l n g .  Th ls  abs t rac t  
r epo r t s  t he  f i r s t  r e s u l t s  o f  a  study o f  t h e  noble gases and n i t rogen contalned i n  these vesicular 
lunar glasses. 

Lunar green g lass  brecc ia  15427 was co l l ec ted  a t  t h e  r i m  o f  Spur Crater dur ing  the  Apo l lo  15 
mission, and A r - A r  da t ing  of t he  g lass  spheres, which comprise -60% o f  t he  breccia, has y le lded  
gas r e t e n t i o n  ages o f  3.79+48 ( l o ) ,  3.38t.06 (6),  and 3.29i.06 AE (11) .  A 5gr. a l i q u o t  o f  t h l s  
brecc ia  was c a r e f u l l y  handpicked by J.W. DeLano w i t h  t he  r e s u l t  t h a t  twenty f ou r  ves i cu la r  green 
g lass  spheres were iso la ted,  charac ter ized by e lec t ron  microprobe, and assigned t o  t he  var ious  
chemlcal groups def ined by previous analyses o f  lunar glasses ( 8 ) .  Four o f  t he  spherules 
con ta in ing  t h e  l a rges t  ves ic les ,  a long w l t h  s l x  add i t i ona l  nonveslcular glasses, were se lec ted and 
l n d i v l d u a l l y  analyzed f o r  noble gas and n i t rogen contents by stepped heat ing and mass 
spectranetry.  Weights o f  the_61ndpldual  spherules ranged f r a n  27 t o  130 fig. and v e s l c l e  volumes 
were between 0.45 and 1.44X10 an . It was an t i c i pa ted  tha t ,  due t o  t he  very small sample s izes,  
t h e  amounts o f  gas ava i l ab le  f o r  ana l ys i s  would be q u i t e  m a l l ,  and t h i s  i n  general proved to  be 
t h e  case. Despi te these l i m i t a t i o n s ,  It was decided t o  employ stepped heat lng techabques ( 3  
steps/sample) i n  an at tempt t o  remove any surface Implanted so la r  wind and/or orphan A r  t h a t  
might otherwise mask v o l a t l l e s  t rapped i n  t he  v e s l c l e  i n t e r l o r .  Instrumental blank and 
in ter ferences were the re fo re  q u i t e  h igh  (commonly >50$) r e l a t i v e  t o  t he  small gas releases, f o r  
dHe, 2ONe, 2zNe, 4 0 ~ r ,  N2, Kr and Xe. 
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Pre l im ina ry  ana l ys i s  o f  t h e  experimental data has revealed a number o f  i n t e r e s t i n g  features.  
Despi te t h e  f a d  t h a t  a l  I t e n  glasses were taken f r a n  t h e  same 5gr. c l o d  o f  15427. it i s  ev iden t  
t h a t  a l l  had experienced d i f f e r e n t  precanpact ion and i r r a d i a t i o n  h i s t o r i e s .  The f i r s t  o f  these 
concluslons was reached e a r l i e r  ( 5 )  f o r  spherules f r a n  brecc ia  15426 ( e s s e n t i a l l y  I d e n t i c a l  t o  
15427). Considerable v a r i a t i o n  i n  t o t a l  gas y ie lds ,  e l e m e n t a 1 3 r a t i ~ ~  and ~ g u n t s  o f  sur face 
impregnated SW from sphere t o  sphere are  evident,  and cosmogenic He, Ne and Ar excesses vary 
by nea r l y  an order o f  magnitude between samples, p o i n t i n g  t o  considerably d i f f e r e n t  s h i e l d i n g  from 
t h e  cosmic ray f l u x -  These r e s u l t s  I nd i ca te  t h a t  misleading r e s u l t s  might be obtained i f  at tempts 
are  made t o  deconvol utej6el m e n t a l  and i s o t o p i c  spectra obtained from batch analyses -9 groups of 
spherules. Y ie lds  o f  A r  from t h e  ten  spherules var ied  widely, rang ing from 2x10 t o  5x10 
cc(STP)/g , b u t  t he  d i s t r i b u t i o n  i s  discont inuous and a bimodal d i s t r i b u t i o n  i s  evident.  The 
L(low)-group o f  glasses $?ns is ts  o f  one ves i cu la r  and f i v e  nonvesi-yllar spherules, and shows 
r e l a t i v e l y  low measured Ar concentrat ions,  i n  t he  range 2 t o  7x10 cc/g. The H(high1-group 
however, which comprises one nonveslcular and th ree  ves i cu la r  glasses, shows much higher Ar 
re leases o f  0.9 t o  ~ X I O - ~  cc/g. S im i l a r  d i f f e rences  are  noted f o r  Ne, wh i l e  He, K r  and N2 
v a r i a t i o n s  are  less  c l e a r l y  defined. The L-group glasses c l u s t e r  p rec i se l y  i n  t h e  Ar 
concentrat  ion  range p rev ious l y  def ined by Lakatos e_t a. (5 )  f o r  c l od  spherules from 15426. The 
H-group however, l i e  a t  much h igher  concent ra t ion  val  ues and - y e r l  ap t h e  h igh Ar end o f  the1 r 
f i e l d  shown f o r  glasses separated from lunar f i nes  (0.4 t o  2x10 cc/g). Two i n t e r p r e t a t i o n s  are  
t he re fo re  possible.  E i t h e r  t he  H-group glasses are  e s s e n t i a l l y  t h e  same as o the r  measured 
spherules, regard less  o f  source, and a l l  happen t o  l i e  a t  t h e  high end o f  t h e i r  Ar content  range. 
o r  t h e  ves i cu la r  glasses ( taken from a brecc ia  i n t e r i o r )  are r i c h  I n  Ar because the  sealed 
ves i c l es  contained a f r ee  v o l a t i l e  phase. N/Ar r a t i o s  f o r  t h i s  group are  c l e a r l y  d i s t i n c t  from 
so la r  values and suggeiid thg6presence o f  a second component charac ter ized by an i s o t o p i c a l l y  l i g h t  
n i t r ogen  signature.  A r /  A r  r a t & s  f o r  t h e  H-group glasses c l u s t e r  i n  t h e  range 3-7 a f t e r  
co r rec t j on  f o r  i n - s i t u  rad iogen ic  &- production, and a re  s i m i l a r  t o  r a t i o s  repor ted I n  (3). 
Un l i ke  He and trapped Ne, t h e  major A r  re leases f r a n  t h e  H-group glasses do not  occur a t  750 C. 
An elemental f r a c t i o n a t i o n  I s  ev ident  as t h e  Ne/Ar r a t i o s  are  c l e a r l y  nonsolar, desp i te  a s o l a r  
i s o t o p i c  canpos i t ion  f o r  Ne. One H-group spherule shows somewhat d i f f e r e n t  re lease 
c h a r a c t e r l s t l c s  which may i nd i ca te  t h a t  t h i s  g lass  was exposed t o  t h e  so la r  wind p r i o r  t o  
compaction, and was l a t e r  remelted w i t h  t h e  surface so la r  wind canponent be ing incorporated i n t o  
the  g lass  I n t e r i o r .  Trapped Ne. A r  and Kr releases do not  c o r r e l a t e  l i n e a r l y  w i t h  v e s i c l e  volume 
( they are  I n  c o r r e c t  o rde r ) ,  bu t  t h i s  would not  be expected unless c losure  T and P were i d e n t i c a l  
f o r  a l  l glasses and no subsequent leakage had occurred. At present, data ana l ys i s  i s  s t1  l l 
incomplete. We expect t o  soon be ab le  t o  f u r t he r  cons t ra in  t h e  nature o f  t he  v o l a t i l e s  t rapped i n  
these unusual glasses. 
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