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Measurements of s p e c i f i c  g r a v i t i e s  o r  a b s o l u t e  (maximum) d e n s i t i e s  of 
l u n a r  m a t e r i a l s  a r e  of c o n s i d e r a b l e  importance i n  themselves,  a s  w e l l  a s  i n  
t h e  e v a l u a t i o n  of many o t h e r  important  p r o p e r t i e s  inc lud ing  e l a s t i c i t y ,  
thermal  d i f f u s i v i t y ,  d u s t  motion and s o i l  d e n s i t i e s ,  p o r o s i t i e s  and compres- 
s i b i l i t i e s .  Such a b s o l u t e  d e n s i t i e s  may be c a l c u l a t e d ,  v i a  a  normative 
minera l  composit ion,  from chemical  a n a l y s i s  d a t a  and a  knowledge of t h e  den- 
s i t i e s  of t h e  v a r i o u s  minera l s ,  a s  h a s  been done by Mizutani  and coworkers 
[Mizutani  e t  a 1  (1972) ,  Mizutani  and Newbigging (1973) and Mizutani  and -- 
Osako ( 1 9 7 4 ) l .  We have c a l c u l a t e d  an a b s o l u t e  d e n s i t y  f o r  sample 14321 
us ing t h e  a n a l y s i s  of  Scoon (1972) and minera l  d e n s i t i e s  quoted by Hurlbut  
(1963) .  We have a l s o  c a l c u l a t e d  t h e  d e n s i t y  f o r  15015 us ing an a n a l y s i s  
of Eg l in ton  -- e t  a 1  (1975) .  The minerologic  composition, g iven by the  Euro- 
pean Consortium [ ~ ~ l i ~ t ~ n  e t  a 1  ( 1 9 7 5 ) ] ,  was taken from one of s e v e r a l  
a v a i l a b l e ,  and c o n s i s t e d  of  an a n a l y s i s  of  t h e  sawdust c o l l e c t e d  when t h e  
l a r g e  b r e c c i a  was d iv ided  f o r  a l l o c a t i o n  t o  t h e  va r ious  consort ium members. 
I t  was f e l t  t h a t  t h i s  should  p rov ide  a  r e p r e s e n t a t i v e  e v a l u a t i o n  of 15015. 

Experimental  measurements of a b s o l u t e  d e n s i t i e s  invo lve  t h e  problem of  
ensur ing  t h a t  t h e  f l u i d  s e l e c t e d  must p e n e t r a t e  a l l  voids ,  bugs and micro- 
c racks  o the rwise  e r roneous ly  low va lues  w i l l  be obta ined.  This  i s  of 
l i t t l e  concern wi th  l a r g e  s o l i d  rock fragments,  b u t  f o r  exposed s o i l s  and 
smal l  s u r f a c e  rock fragments such e r r o r s  can be very s e r i o u s .  I t  is f o r  
t h i s  r eason ,  t h a t  helium makes an e x c e l l e n t  d e n s i t y  measuring f l u i d .  Both 
i t s  smal l  s i z e  and nea r  z e r o  chemical r e a c t i v i t y  permit  i t s  p e n e t r a t i o n  i n t o  
the  s m a l l e s t  of microcracks .  I n  a d d i t i o n ,  it h a s  t h e  cons ide rab le  advantage 
of  being non-contaminating and v i r t u a l l y  non-adsorbing a t  room temperatures  
[Kini  and Stacy ( 1 9 6 3 ) l .  Th i s  means t h a t  t h e  helium mainta ins  a  nea r  con- 
s t a n t  d e n s i t y  up t o  t h e  s o l i d  i n t e r f a c e .  

On t h e  nega t ive  s i d e  helium has  a  low d e n s i t y  and t h e  changes brought  
about by displacement  of  t h i s  f l u i d  a r e  d i f f i c u l t  t o  d e t e c t .  Our approach 
has  been t o  u t i l i z e  an adapted gas-adsorpt ion volumetr ic  system t o  e v a l u a t e  
t h i s  d isplacement  and hence t h e  a b s o l u t e  d e n s i t y .  The sample i s  p laced  i n  
a  s p e c i a l l y  designed sample chamber and outgassed overn igh t  a t  a  temperature  
n o t  exceeding 150°C. The p r e s s u r e  of t h e  helium i n  a  wel l -def ined volume 
of t h e  system which i n c l u d e s  t h e  sample chamber is  then measured and com- 
pa red  wi th  a  s i m i l a r  measurement taken i n  t h e  absence of  t h e  sample. The 
wel l -def ined volume i s  k e p t  t o  an a b s o l u t e  minimum by des ign of both  t h e  
adsorp t ion  system and t h e  sample chamber. P ressures  were measured wi th  a  
s e n s i t i v e  UHV Barat ron system. A l l  d e n s i t y  measurements were repea ted  a  
minimum of  s i x  t imes .  The r e s u l t s  f o r  both  c a l c u l a t i o n s  and exper imenta l  
de te rmina t ions  a r e  shown below i n  grams/cc. The maximum and minimum va lues  
r e p o r t e d  r e f l e c t  u n c e r t a i n t i e s  i n  t h e  d e n s i t y  va lues  of the  va r ious  minera l s  
[Hurlbut (1963) 1 .  
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There would appear  t o  b e  good agreement between c a l c u l a t e d  and exper i -  
mental  va lues  ob ta ined  by u s  a s  w e l l  a s  w i t h  a c a l c u l h t e d  va lue  f o r  14321 
[Mizutani  (197311 of  3.09 grams/cc. The e r r o r s  shown f o r  t h e  exper imenta l  
va lues  a r e  maximum va lues ,  mean e r r o r s  a r e  one t h i r d  t o  one h a l f  of t h e s e  
va lues  and p l a c e  t h e  two 14321 samples a t  t h e  upper end of t h e  c a l c u l a t e d  
range,  wi th  t h a t  f o r  15015,29 a t  t h e  extreme lower end. I t  i s  of  i n t e r e s t  
t o  no te  t h a t  15015,29 was a s u r f a c e  fragment of 15015 c r e a t e d  by p a r t i a l  
me l t ing  of  t h e  mat r ix ,  an o r i g i n  c o n s i s t a n t  wi th  a lower d e n s i t y .  

The r e s u l t s  c l e a r l y -  i n d i c a t e  t h a t  t h e  r e l a t i v e l y  simple and r a p i d  pro- 
cedure o f  helium pycnometry produces a c c u r a t e  abso lu te  d e n s i t y  measurements 
wi thou t  t h e  need f o r  a chemical a n a l y s i s .  More important ,  i s  t h e  p o i n t ,  
t h a t  t h e  exper imenta l  va lue  i s  t h a t  f o r  t h e  p a r t i c u l a r  fragment under 
s tudy.  I t  would seem p o s s i b l e  t o  o b t a i n  i n d i c a t i o n s  of d e n s i t y  v a r i a t i o n s  
wi th in  an i n d i v i d u a l  rock o r  from one s o i l  sample t o  another .  We b e l i e v e  
t h a t  helium pycrometry p rov ides  a s u p e r i o r  method f o r  o b t a i n i n g  abso lu te  
d e n s i t i e s .  
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