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Cool ing h i s t o r y  s tud ies  o f  glasses are c r i t i c a l  t o  our  understanding o f  
l u n a r  magmatic processes and t o  t h e  i n t e r p r e t a t i o n  o f  remote-sensed 
re f l ec tance  spect ra  o f  t h e  Moon's surface. The key issues i n  such s tud ies  
are:  (1)  how can we convenient ly  determine t h e  coo l i ng  h i s t o r y  o f  a  given 
glass,  and (2)  what features o f  g lass s t r u c t u r e  are a f f e c t e d  by changes i n  
c o o l i n g  rates.  These quest ions can be best addressed through use o f  both 
t h e o r e t i c a l  c a l c u l a t i o n s  and exper imental  work: 

Theore t i ca l  c o o l i n g  r a tes  f o r  any glass quenched i n  any medium may be 
ca l cu l a ted  i f  t h e  thermal p rope r t i es  o f  t h e  sample and i t s  quenching medium 
bo th  a re  known. Expressions developed by B i  r n i e  and Kingery (1 )  were app l i ed  
t o  t y p i c a l  l una r  samples w i t h  p = 2.5 g/cc, h  = 0.3 cal/g."C, and k  = 0.005 
ca l / cm~sec~ "C .  To date, cool  i n g  r a t e  ( 7 )  c a l c u l a t i o n s  f o r  samples quenched i n  
a i r  and water have been made; pending complet ion o f  experiments t o  determine 
heat t r a n s f e r  c o e f f i c i e n t s ,  c a l c u l a t i o n s  w i l l  be extended t o  l i q u i d  n i t r ogen  
and vacuum environments. P re l im inary  r e s u l t s  are t abu la ted  below: 

Qa l f - t h i c kness ,  cm: 0.05 0.1 0.2 0.3 0.5 1 5 10 100 
T ( a i r ) ,  "C/sec: 50 25 13 8  5  2.5 0.15 0.04 0.0004 
? (water ) ,  OC/sec: 1100 550 95 42 15 4  0.15 0.04 0.0004 

These r e s u l t s  f o r  a i r  quenches compare favorab ly  w i t h  measurements 
performed on ac tua l  l u n a r  samples (2,3). Development o f  coo l i ng  r a t e  
expressions based on sample s i z e  may be an easy way t o  r e l a t e  known glass s i z e  
d i s t r i b u t i o n s  w i t h  thermal h i s t o r y  scenarios on t h e  l u n a r  surface. 

Knowledge o f  coo l i ng  r a tes  i s  impor tant  because prev ious work (4) has 
suggested t h a t  coo l i ng  h i s t o r y  can have profound e f f e c t s  on i r o n  s i t e  
p a r t i t i o n i n g  and redox k i n e t i c s  i n  syn the t i c  s i l i c a t e  glasses. To t e s t  these 
e f f e c t s  i n  na tu ra l  samples, 100 mg a1 i quo t s  o f  rep resen ta t i ve  basa l t ,  
andesi te,  and r h y o l i t e  composit ions were melted i n  a  CO/C02 atmosphere a t  
1343t2OC, l o g  f02 = -7.8520.5 f o r  24-48 hrs. Mel ts  were quenched i n  an a i r  
j e t ,  an Hz-Ar gas j e t ,  and an NaCl b r i n e / i c e  bath (-21°C). Compositions were 
as f o l l ows :  ( 5 )  

Sample: Si02 A1 203 FeO MgO CaO Na20 K20 T i02 P205 MnO To ta l  
Rhyo l i t e :  73.43 13.76 1.74 0.29 1.16 4.19 4.34 0.26 0.05 0.04 99.26 
Andesite: 62.91 15.63 5.87 2.70 5.80 3.45 1.83 0.62 0.12 0.11 99.04 
Basa l t :  54.50 13.61 12.48 3.46 6.92 3.27 1.70 2.20 0.36 0.18 99.68 

Mossbauer spect ra  were taken o f  each sample us ing  standard procedures 
(6 ) ;  spectra were f i t  t o  a  sum o f  Lorentzian/Gaussian combined l i n e  shapes 
(7 ) .  Sample s i zes  w i t h  minimum p ro j ec ted  coo l i ng  r a t e s  of -8-13"C/sec were 
used. I n  con t ras t  w i t h  p rev ious ly -s tud ied  l u n a r  green and brown glasses 
(which showed ~ e 2 + / ~ e 3 +  v a r i a t i o n s  w i t h  quenching) (4,8), composi t i o n s  s t ud ied  
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here  show no ~ e 3 +  peaks. I n  t h e s e  100 mg samples t h e r e  a r e  no s i g n i f i c a n t  
v a r i a t i o n s  o f  isomer s h i f t  and quadrupole s p l i t t i n g  parameters. However, f o r  
t h e  b a s a l t  g lass  i n  p a r t i c u l a r  ( t h e  sample c l o s e s t  t o  observed l u n a r  
compos i t ions)  t h e r e  i s  a sys temat i c  change i n  t h e  r a t i o  o f  ~ e ~ ~ ~ ~ + / ~ e ~ ~ ~ 2 + ,  
which i nc reases  as t h e  quench medium changes f rom b r i n e / i c e  t o  Hz-Ar t o  a i r .  
S ince heat  t r a n s f e r  c o e f f i c i e n t s  o f  t h e  media probab ly  i nc rease  i n  t h a t  o r d e r  
( 8 ) ,  t h e r e  appears t o  be a l i n k  between p re fe rence  f o r  oc tahedra l  c o o r d i n a t i o n  
and s low quenches. T h i s  can be e x p l a i n e d  by t h e  known r e l a t i o n s h i p  between 
mo la r  volume and c o o l i n g  r a t e :  r a p i d  quenches y i e l d  h i g h  mo la r  volumes, and 
s low  quenches r e s u l t  i n  denser g lasses (9) .  There fore  t h e  g lasses behave 
p r e d i c t a b l y  when quenched i n t o  t h e  t h r e e  media: more oc tahedra l  i r o n  i s  
observed i n  s lowest  quenches (densest  g lasses) .  

T h i s  work on c o o l i n g  r a t e s  has seve ra l  i m p l i c a t i o n s  f o r  l u n a r  g lass  
research  : 

( a )  knowledge o f  s i z e  d i s t r i b u t i o n  (as i t r e l a t e s  t o  c o o l i n g  r a t e )  may 
c o n t r i b u t e  t o  our  unders tand ing  o f  f i  r e - f o u n t a i n i n g  processes on t h e  Moon; 

( b )  t h e  correspondence between Fe s i t e  occupancy and c o o l i n g  r a t e  p laces 
c o n s t r a i n t s  cn earth-based a t tempts  t o  syn thes i ze  l u n a r  analogues; 

( c )  changes i n  Fe p a r t i t i o n i n g  as r e l a t e d  t o  c o o l i n g  r a t e  may a f f e c t  
i n t e r p r e t a t i o n s  o f  remote-sensed spec t ra  o f  areas w i t h  h i g h  g lass  con ten ts  i n  
t h e  l u n a r  s o i  1 (10). 
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