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Data sources  used s p e c i f i c a l l y  f o r  i n f e r r i n g  l u n a r  s o i l  d e n s i t y  o r  
p o r o s i t y  a r e  core  t u b e  samples, l u n a r  d r i l l  samples, a s t r o n a u t  f o o t p r i n t s ,  
LRV and MET t r a c k s ,  boulder  t r a c k s ,  and p e n e t r a t i o n  r e s i s t a n c e .  These d a t a  
sources  have been u t i l i z e d  s e p a r a t e l y  o r  i n  combination as  a p a r t  of t h e  S o i l  
Mechanics Experiment (S-200) and r e l a t e d  b a s e l i n e  r e s e a r c h  which began dur ing 
t h e  Surveyor Program. Now t h a t  t h e  S o i l  Mechanics Experiment is  completed, 
i t  has  been p o s s i b l e  t o  c o l l e c t  d e n s i t y  d a t a  from a l l  sources  and develop a 
c o n s i s t e n t  p a t t e r n  which c h a r a c t e r i z e s  average lunar  s o i l  d e n s i t y , &  v a r i a -  
t i o n  both  l a t e r a l l y  and wi th  depth ,  and t h e  degree of v a r i a b i l i t y  from t h e  
average.  This paper p r e s e n t s  those  r e s u l t s .  

The r e s u l t s  from s t u d i e s  of each of t h e  i n d i v i d u a l  d a t a  sources  l i s t e d  
above a r e  summarized i n  Table 1. The r e s u l t s  i n  Table 1 and r e l a t e d  s t u d i e s  
may be  used t o  conclude t h e  following: 

(1) The average r e l a t i v e  d e n s i t y  and p o r o s i t y  f o r  t h e  upper 15 cm i n  
i n t e r c r a t e r  a r e a s  is e s s e n t i a l l y  t h e  same f o r  a l l  s i x  Apollo l and ing  s i t e s  
and perhaps f o r  a l l  soi l -covered l o c a t i o n s  on t h e  lunar  surface--if  a r e a s  a r e  
considered on a s c a l e  of a few hundred meters.  

(2) The b e s t  e s t i m a t e s  f o r  t h e  average bu lk  d e n s i t i e s  f o r  t h e  lunar  
s u r f a c e  a r e  a s  follows: 

Depth Range, cm Bulk Density,  p - g/cm3 

0 -15 1.50 + .05 

0-30 1.58 * .05 

30-60 1.74 + .05 

0-60 1.66 ? .05 

(3) The v a r i a t i o n  of average bu lk  dens i ty ,  p, wi th  depth can be 
descr ibed by 

p = p + k l n  (z+l)  
0 

where z = depth i n  cm 
po = 1.27 glcm3 

k = 0.121 

b u t  dev ia t ions  from t h e  general  p a t t e r n  of d e n s i t y  i n c r e a s e  wi th  depth may be  
very f requent  and pronounced. 

(4) The b e s t  e s t i m a t e s  f o r  t h e  average r e l a t i v e  d e n s i t y  f o r  t h e  l u n a r  
s u r f a c e  a r e  as  fol lows:  
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TABLE 1 - Summary of Resul ts  from 
Lunar S o i l  Density Studies  

Source 

Standard 
Depth Bulk Density o r  Relat ive Deviation 
Range, AbsoluteDensi ty   ensi it^* f o r  

cm g/cm3 % Relat ive 
Density 

Core tube samples 0-15 1.50 k .05 64** 

0-30 1.58 k .05 74** 

30-60 1.74 k .05 92** 

0-60 1.66 k .05 83** 

Lunar d r i l l  samples 0-30 1.69 k .08 

30-60 1.77 .08 

Astronaut foo tp r in t  
analyses 

0-15 

LRV and MET t r acks  0-15 

0-15 

48-63 
by Procedure 1 

62-71 
by Procedure 2 

Boulder t r acks  0-300 
o r  400 

Penetrat ion r e s i s t ance  0-60 83-84 >lo? 

'max (P - Prnin 1 * ~ e l a t i v e  Density = D =- r - ) x 100% 
'min (Pmax Pmin 

where pmax = maximum dens i ty  

'min = minimum dens i ty  

* 
Calculated, based on average Gs = 3.1, e = 1.7 and e = 0.7. 

m ax  min 
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Depth Range, cm R e l a t i v e  Density,  D~ - % 

(5) S t a t i s t i c a l  s t u d i e s  of f o o t p r i n t s ,  LRV and MET t r a c k s ,  and boulder  
t r a c k s  show t h a t  r e l a t i v e  d e n s i t y  v a r i e s  considerably  on a s c a l e  of 1 o r  2 
meters l a t e r a l l y  and i n d i c a t e  t h a t  a b e s t  e s t i m a t e  of t h e  s t andard  d e v i a t i o n  
is  about 15 percentage p o i n t s  f o r  r e l a t i v e  d e n s i t y .  Histograms of d e n s i t y  
d a t a  i n d i c a t e  an e s s e n t i a l l y  normal d i s t r i b u t i o n  w i t h  a s l i g h t  skewness 
toward t h e  h igh  d e n s i t y  s i d e .  

(6) Average va lues  of a b s o l u t e  and r e l a t i v e  d e n s i t y  f o r  t h e  l u n a r  s u r f a c e  
cannot at  t h i s  t i m e  be  conf iden t ly  converted t o  va lues  of p o r o s i t y  o r  vo id  
r a t i o  because of i n s u f f i c i e n t  d a t a  on v a l u e s  of Gs and em, and % f o r  l u n a r  
s o i l ;  bu t  based on a very smal l  number of tes ts- - too smal l  t o  g ive  statisti- 
c a l l y  s i g n i f i c a n t  averages--the fol lowing averages  have been t e n t a t i v e l y  
proposed. 

e 
m i n  

I f  t h e s e  va lues  were indeed v a l i d  as averages  f o r  t h e  l u n a r  su r face ,  t h e  "best  
es t imate"  average v a l u e s  of p = 1.50 g/cm3 and DR = 65% f o r  t h e  uppermost 1 5  
cm given i n  conclus ions  2 and 4 would correspond t o  a void  r a t i o  of 1.05 and a 
p o r o s i t y  of 51%. 

(7) The average r e l a t i v e  d e n s i t y  on c r a t e r  rims f o r  a l l  Apollo s i t e s  is 
about 10 t o  12 percentage p o i n t s  lower than f o r  i n t e r c r a t e r  a r e a s .  The s t a n -  
dard d e v i a t i o n  f o r  c r a t e r  r i m  d e n s i t y  is  a l s o  g r e a t e r  than  f o r  i n t e r c r a t e r  
a r e a s .  

(8) I n  cons idera t ion  of t h e  depth  ranges t o  which each of t h e  methods i n  
Table 1 apply,  t h e  boulder  t r a c k  d a t a  i n d i c a t e  t h a t  average r e l a t i v e  d e n s i t y  
on s l o p e s  and c r a t e r  w a l l s  where boulder  t r a c k s  were g e n e r a l l y  observed is  
l e s s e r  and more v a r i a b l e  t h a n  f o r  l e v e l  i n t e r c r a t e r  a r e a s .  Th i s  obse rva t ion  
i s  c o n s i s t e n t  w i t h  t h e  hypothesis  t h a t  dawnslope movements may loosen l u n a r  
s o i l  somewhat. 

(9)  The apparent mechanism c o n t r o l l i n g  t h e  r e l a t i v e  d e n s i t y  of l u n a r  s o i l  
i n  t h e  p l a i n s  a reas  seems t o  b e  t h a t  t h e  cons tan t  m e t e o r i t e  and micrometeor i te  
bombardment mainta ins  a loose ,  s t i r r e d  up s u r f a c e ;  bu t  d i r e c t l y  beneath t h e  
su r face ,  t h e  v i b r a t i o n s  due t o  innumerable shock waves shake and d e n s i f y  t h e  
s o i l  t o  a very  high r e l a t i v e  d e n s i t y .  The s u b s u r f a c e  s o i l  may even b e  over- 
consol idated a t  some l o c a t i o n s ;  i . e . ,  t h e  s o i l  may have been d e n s i f i e d  under 
a g r e a t e r  conf ining s t r e s s  a t  some t i m e  i n  t h e  p a s t  than i s  p r e s e n t l y  app l ied  
t o  it  by t h e  over lying s o i l .  
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