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Introduct ion:  Surface and shallow core samples re turned by the  Apollo 
missions suggest t h a t  the  lunar  s o i l  i s  not  a s t a t i c  deposi t  bu t  i s  a contin- 
ua l ly  evolving sedimentary body (1,2,3). I n  t he  following pager a series of 
samples from the  Apollo 15 deep d r i l l  i s  examined i n  an attenqit t o  understand 
the  t ranspor t ing  mechanism and i ts  e f f e c t  on t he  na ture  of t he  lunar  s o i l .  
Grain s i z e  da t a  from Apollo 17 samples a r e  a l s o  compared with da t a  from 
e a r l i e r  missions i n  order  t o  determine the  na ture  of e ros iona l  processes on 
the moon's sur face .  

S t r a t i g r aph ic  Layers: The thickness-frequency d i s t r i b u t i o n  of t he  42 
s t r a t i g r a p h i c  l a y e r s  i n  t he  Apollo 15 deep core is bimodal with the  s t ronges t  
mode a t  1 .0  t o  1 .5  cm and a second weaker mode a t  4.5 t o  5.0 cm. This implies 
t h a t :  f i r s t  t h e  impact events which constant ly  rework the  lunar  s o i l  a r e ,  f o r  
the most p a r t ,  small .  Second, t h e  major mode a t  1.0 t o  1.5 cm suggests t h a t  
th inner  morphologic u n i t s  a r e  destroyed by continuous micrometeorite rework- 
ing of the  sur face  l aye r s .  F ina l ly ,  unless  there  a r e  observat ional  e r r o r s ,  
the  meteori te  energy frequency d i s t r i b u t i o n  may be bimodal. 

Grain Size: Both normal and reverse  grading were observed i n  some s t r a t i -  
graphic l aye r s  during d i s sec t ion  (4 ) .  The l aye r s  s tudied here  a r e  not  regu- 
l a r l y  graded but  t he re  a r e  enough s i m i l a r i t i e s  i n  the  gra in  s i z e  da ta  t o  
suggest t h a t  the  gra in  s i z e  d i s t r i b u t i o n  i s  being modified i n  a regular  
manner by a process o r  processes (Fig. 1 ) .  For example, Units 002-VI and 

002-X a r e  s imi l a r  i n  thickness and i n  both 
cases  a major i n f l e c t i o n  i s  present  i n  the  
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O 0 0  

boundaries. Likewise weaker i n f l e c t i o n s  
appear i n  the  curves f o r  u n i t  002-IVE, 
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Evidence of base surges  is abundant i n  
t h e  t ex tu re s  of the  s o i l  breccia8 and some 
Apollo 16 s o i l s  (2,3,5,6,7,8,9),  P a r t i c l e s  
t ransported i n  a base surge a r e  f l u id i zed  
by the  upward flow of escaping gases. The 
s e t t l i n g  ve loc i ty  (under Stokes Law) of 
the  p a r t i c l e s  i s  determined by t h e i r  s i z e  
o r  more p rec i se ly  t h e i r  r a d i i  squared and 
t o  some ex t en t  t h e i r  shape, Thus l a r g e r  
more sphe r i ca l  p a r t i c l e s  tend t o  move 

. towards the base of t he  flowing mass of 
deb r i s  and produce normally graded 
depos i t s .  The supply of f l u id i z ing  gases 

Fig. 1 i s  not  necessar i ly  i n  any d i r e c t  propor- 
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t i o n  t o  t h e  momentum of t h e  b a s e  su rge  w i t h  t h e  r e s u l t  t h a t  one of two t h i n g s  
may occur.  I f  t h e  gas supply i s  abundant f l u i d i z a t i o n  w i l l  cont inue u n t i l  
t h e  base  su rge  comes t o  r e s t  and a normally graded d e p o s i t i o n a l  u n i t  w i l l  
r e s u l t .  I f ,  on t h e  o t h e r  hand, t h e  gas supply i s  l i m i t e d  t h e  base  su rge  may 
c o l l a p s e  r a p i d l y  be fore  t h e  flow h a s  completely come t o  r e s t .  I n  t h i s  s i t u -  
a t i o n  f l u i d i z a t i o n  w i l l  cease and i n e r t i a l  g r a i n  flow w i l l  dominate. Bagnold 
(10) has  shows t h a t  a t  a  given s h e a r  s t r e s s  t h e  d i s p e r s i v e  p ressure  i n  
i n e r t i a l  g r a i n  flow i s  a  d i r e c t  f u n c t i o n  of t h e  square  of t h e  diameter of t h e  
p a r t i c l e s  and t h a t  l a r g e r  p a r t i c l e s  w i l l  tend t o  migrate  t o  regions  of l e a s t  
shear  s t r a i n .  That i s ,  they w i l l  tend t o  migrate  towards t h e  top  of t h e  flow 
and produce r e v e r s e  graded d e p o s i t i o n a l  u n i t s .  The t h r e e  u n i t s  s t u d i e d  
appear t o  have undergone some i n e r t i a l  g r a i n  flow j u s t  p r i o r  t o  coming t o  
r e s t  wi th  t h e  r e s u l t  t h a t  concen t ra t ions  of l a r g e r  p a r t i c l e s  occur i n  t h e  
middle of t h e  u n i t .  

Uniformity of Sedimentary Processes :  Grain s i z e  d a t a  have been gathered 
us ing s tandard methods f o r  Apollo 1 5 ,  16 and 17  s o i l  samples ( 3 ) .  This  a l lows 
t h e  s o i l s  from t h r e e  sites t o  be  compared d i r e c t l y  (Table 1). A S tuden ts  
t - t e s t  (5% l e v e l  of s i g n i f i c a n c e )  i n d i c a t e s  t h a t  t h e r e  i s  no s i g n i f i c a n t  
d i f f e r e n c e  between p a i r s  o f  s i t e s  f o r  t h e  mean, s tandard d e v i a t i o n  and skew- 
ness .  The s o i l s  a r e  a l l  poor ly  s o r t e d  and coarse  skewed, Kur tos i s  va lues  
f o r  t h e  Apollo 15 and 17 missions a r e  from t h e  same popula t ions ,  however, t h e  
Apollo 16 s o i l s  have k u r t o s i s  v a l u e s  which a r e  s i g n i f i c a n t l y  smal le r  than f o r  
t h e  o t h e r  two s i t e s ,  

A s t r o n g  l i n e a r  r e l a t i o n s h i p  e x i s t s  between t h e  mean and s tandard devi-  
a t i o n  of s o i l s  from both  t h e  Apollo 15 and 16 s i t e s  (Fig.  2 ) .  The two 
regress ion  l i n e s  p a r a l l e l  each o t h e r  bu t  t h e  i n t e r c e p t  of t h e  Apollo 16 
r e g r e s s i o n  l i n e  i s  somewhat smal le r .  The displacement of t h e  r e g r e s s i o n  l i n e s  

may be  connected w i t h  t h e  f a c t  t h a t  t h e  
Apollo 16 s o i l s  a r e  genera l ly  from o l d e r  
su r faces .  The cons tan t  s l o p e  of t h e  
r e g r e s s i o n  l i n e s  suggest  t h a t  uniform 
d e p o s i t i o n a l  processes  were a c t i v e  a t  t h e  
s i t e s .  Apollo 17 d a t a  a r e  no t  complete 
enough t o  e s t a b l i s h  a  r e g r e s s i o n  l i n e ,  how- 
e v e r ,  t h e  p o i n t s  f a l l  c l o s e  t o  t h e  Apollo 
1 5  and 16 regress ion  l i n e s  i n d i c a t i n g  t h a t  
a  s i m i l a r  r e l a t i o n s h i p  e x i s t s .  Overa l l  t h e  
d a t a  from t h e  t h r e e  widely spaced s i t e s  a r e  

3 - APOLLO 16 
c o n s i s t e n t  w i t h  t h e r e  be ing  a  very uniform 
s e t  of e r o s i o n a l  processes  a c t i v e  on t h e  
l u n a r  s u r f a c e .  This sugges t s  t h a t  i f  
vulcanism ever  played a  s i g n i f i c a n t  r o l e  i n  
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s o i l  formation t h e  randomness of i t s  e f f e c t s  
has  s i n c e  been o b l i t e r a t e d  by t h e  long term 

Fig. 2 homogenizing e f f e c t s  of meteor i t e  impact. 
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Figure  Captions 

Fig.  1, Mean g r a i n  s i z e  squared (cm) a s  a f u n c t i o n  of depth  f o r  t h r e e  
s t r a t i g r a p h i c  u n i t s  from t h e  Apollo 15 core .  

Fig. 2. Mean g r a i n  s i z e  ve rsus  s t andard  d e v i a t i o n  f o r  Apollo 15 ,  16 and 17 
s o i l s .  

Table 1 

Graphic 
Mission Graphic Mean Standard 

Deviation 

Graphic Graphic 
Skewness Kur tos i s  

Apollo 15 4.019 + 0.334 1.780 + 0.213 -0.333 + 0,074 0.954 + 0.099 

Apollo 16 3.840 + 0.478 1.747 + 0.359 -0.310 + 0.110 0.879 + 0.079 

Apollo 17  3.974 + 0.345 1 ,635 + 0,173 -0.251 + 0.082 0.946 + 0.064 
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