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Grain s i z e  frequency d i s t r i b u t i o n s  of a  t o t a l  of 72 samples (3 Apollo 14  
9  Apollo 12,  8  Apollo 14,  12 Apollo 15,  19 Apollo 16 and 21 Apollo 17) of 
lunar  f i n e s  have been completed by s i e v i n g  wi th  an  Allen-Bradley son ic  s i f t e r  
and p r e c i s i o n  s i eves .  R e l a t i v e  humidity was c o n t r o l l e d  i n  t h e  sievingchamber 
s o  a s  t o  avoid clumping of t h e  l e s s  than  30 p m  f r a c t i o n  and the  "thumping 
ac t ion"  was minimized t o  p rese rve  t h e  d e l i c a t e  a g g l u t i n a t e s .  Weight of sam- 
p l e  r e t a i n e d  on each of a  t o t a l  of 14  s i e v e s  (841, 420, 250, 177, 149, 125, 
105, 74, 53, 44, 37, 30, 20, and 10 pm) and the  pan was measured t o  the  near-  
e s t  0.0001 g. These d a t a  were converted t o  percentage form, a  cumulative 
curve wi th  a  p r o b a b i l i t y  o r d i n a t e  was prepared f o r  each sample and t h e  graph- 
i c  mean g r a i n  s i z e ,  t h e  g raph ic  s t andard  d e v i a t i o n  and g raph ic  skewness were 
c a l c u l a t e d  and desc r ibed  a s  suggested by R. L. Folk (1) .  

The lunar  f i n e s  t h a t  we have analyzed can be c h a r a c t e r i z e d  a s  bimodal, 
poorly t o  very  poor ly  s o r t e d  and n e a r l y  symmetrical. The broad mode i n  t h e  
1-40 (500-62.5 pm) s i z e  range i s  composed p r imar i ly  of l i t h i c  fragments and 
a g g l u t i n a t e s ,  the  4-56 (62.5-31.3 pm) s i z e  range i s  r e l a t i v e l y  deple ted  i n  
weight f r a c t i o n  i n  many of  the  samples and t h e  g r e a t e r  than  50 s i z e  range 
c o n s t i t u t e s  a  second mode composed of minera l  g r a i n s  and g l a s s .  Although we 
have observed a  cons ide rab le  v a r i a t i o n  i n  s i z e  frequency d i s t r i b u t i o n  proper-  
t i e s ,  the  cumulative frequency p l o t s  a r e  n e a r l y  l i n e a r  and sub p a r a l l e l  such 
t h a t  a  log normal d i s t r i b u t i o n  model i s  j u s t i f i e d .  

There appears t o  be a  p o s i t i v e  c o r r e l a t i o n  between g raph ic  mean g r a i n  
s i z e  and t o t a l  sample weight f o r  those  samples f o r  which we have received 
more than one s p l i t  (2 ) .  A t  our r e q u e s t ,  f i v e  gram s p l i t s  of  76321,lO and 
78221,8 were made a v a i l a b l e  by t h e  LRL f o r  the  purpose of  a s c e r t a i n i n g  wheth- 
e r  o r  not  a  l a r g e r  sample would possess  a  g r e a t e r  graphic  mean g r a i n  s i z e  a s  
a  r e s u l t  of our s i e v i n g  procedures.  Another purpose of r e q u e s t i n g  t h e  two 
f i v e  gram s p l i t s  was t o  i n v e s t i g a t e  sys temat ic  d i f f e r e n c e s  i n  g r a i n  s i z e  re -  
s u l t s  between d i f f e r e n t  l a b o r a t o r i e s .  Each sample was homogenized by r o l l i n g  
on a  shee t  of powder paper and two q u a r t e r  sample s p l i t s  and four  e i g h t h  sam- 
p l e  s p l i t s  were prepared from each p a r e n t  sample. A l a r g e  (approximately 
1 .4  g )  and a  smal l  (approximately 0.6 g )  s p l i t  from each p a r e n t  sample have 
been sieved i n  our l a b o r a t o r y .  Di f fe rences  observed by our  l a b o r a t o r y  be- 
tween a l i q u o t s  of these  comparison samples a r e  much l e s s  than the  d i f f e r e n c e s  
found between sample a l i q u o t s  d i s t r i b u t e d  by the  LRL. Causes of v a r i a t i o n s  
between the  LRL d i s t r i b u t e d  a l i q u o t s  a r e  d i f f i c u l t  t o  s p e c i f y ,  a l though i t  
seems probable t h a t  they r e f l e c t  s i z e  s o r t i n g  of p a r t i c l e s  dur ing  pre l iminary  
handl ing and s i e v i n g  i n  the  LRL and/or  dur ing s p l i t t i n g  p r i o r  t o  d i s t r i b u t i o n .  
I f  the  apparent  b i a s i n g  i s  widespread,  then a d d i t i o n a l  problems a r i s e  i n  com- 
pa r ing  the  r e s u l t s  of s i z e  ana lyses  performed by d i f f e r e n t  groups of i n v e s t i -  
g a t o r s  i f  the  same weights  of sample were not  used. 

Severa l  i n v e s t i g a t o r s  ( 3  and 4 )  have noted a  s i g n i f i c a n t  nega t ive  cor-  
r e l a t i o n  between g raph ic  mean g r a i n  s i z e  and g raph ic  s t andard  d e v i a t i o n  (a 
measure of s o r t i n g ) .  For our 72 samples the  c o r r e l a t i o n  i s  p o s i t i v e ;  t h a t  i s ,  
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our f i n e r  grained samples a r e  more poorly sor ted  than our  coarse r  grained 
samples. ~ h u s ,  it  i s  p r e sen t l y  impossible t o  develop a model f o r  the  genesis  
of the  lunar  r e g o l i t h  t h a t  make u se  of a l l  of the  g r a i n  s i z e  informat ion 
ava i l ab l e  from a l l  l abo ra to r i e s .  

S p l i t s  of 76321,lO and 78221,8 were s e n t  t o  D. McKay a t  JSC and t o  
J. Lindsay a t  La   robe Univers i ty  f o r  g r a i n  s i z e  ana ly s i s  us ing the  same 
techniques t h a t  they had used i n  t h e i r  recen t  analyses  of the  lunar  r e g o l i t h .  
These i nves t i ga to r s  have been us ing  a Mi l l ipore  p a r t i c l e  measurement computer 
system f o r  t he  a n a l y s i s  of the  f i n e  f r a c t i o n  and s iev ing  f o r  the  coarse  f rac -  
t ion .  Mi l l ipore  r e s u l t s  a r e  made compatible wi th  the  weight percent  da ta  
from the coarse  f r a c t i o n  by graph ica l  i n t eg r a t i on  assuming sphe r i ca l  p a r t i c l e s  
of uniform dens i ty  (3 and 4) .  The cumulative frequency d i s t r i b u t i o n s  f o r  
M c ~ a y ' s  and Lindsay 's  da t a  e x h i b i t  marked increases  i n  s lope  a t  t he  0 u n i t  
corresponding t o  t he  change from s i eve  da ta  t o  Mi l l ipore  da ta .  Because 
Lindsay changes t o  t he  Mi l l ipore  system a t  44 p m ,  the  e f f e c t  is  more pro- 
nounced f o r  h i s  da ta  than f o r  ~ c ~ a y  ' s, i n  which the  change was made a t  20 urn). 
Recasting the  Mi l l ipore  da ta  t o  make i t  compatible wi th  t he  weight da ta  appar- 
e n t l y  forces  the  cumulative percent  t o  equal 100 a t  the  lower l i m i t  of r e so l -  
u t i on  of the  device.  Grain s i z e  d i s t r i b u t i o n s  obtained using t h e  Mi l l ipore  
system terminate a t  8.330 f o r  ~ i n d s a y ' s  da ta  and 90 f o r  McKay's da ta .  Grain 
s i z e  frequency d i s t r i b u t i o n s  f o r  our da ta  do no t  have a f ixed end po in t .  
Graphic mean,*grap$ic s t a n  ard  dev ia t ion  and graphic  skewness a r e  computed as  d funct ions  of 1 , 50 and 84 (1) and i n  the  two comparison samples analyzed 
by a l l  groups, ' 8 4  occurs a t  a g r e a t e r  0 value than t h a t  a t  which changes i n  

0 technique were made. Therefore,  the value of 84 se lec ted  from our p l o t  i s  
considerably l a rge r  than t h a t  s e l ec t ed  from the  p l o t s  of the  o ther  i nves t i -  
ga to r s  with t he  r e s u l t  t h a t  ( i f  016 and 050 a r e  the  same f o r  a l l  th reegroups)  
M c ~ a y ' s  and Lindsay's samples would possess l e s s e r  graphic  mean g r a i n  s i z e s  
(coarse r ) ,  l e s s e r  graphic  s tandard dev ia t ions  ( b e t t e r  so r t ed )  and a l e s s e r  
pos i t i ve  (o r  g r e a t e r  negat ive)  graphic  skewness. The e f f e c t  of change i n  
s lope and a f ixed end po in t  i s  most pronounced f o r  those samples t h a t  have 
g r ea t e r  graphic  mean g r a i n  s i z e s  and i t  would appear t h a t  the  coarse r  samples 
of McKay and Lindsay must of nece s s i t y  be poorer sor ted  than t h e i r  f i n e r  
samples. The t o t a l  e f f e c t  of mixing together  da t a  from two d i f f e r e n t  tech- 
niques,  however, i s  q u i t e  complex and each sample must be t r e a t ed  independent- 
l y  i f  comparisons between the  s i z e  analyses  performed by d i f f e r e n t  groups a r e  
required.  

Q mode f a c t o r  ana ly s i s  has  been used t o  examine our weight percent  da ta  
f o r  r e l a t i onsh ip s  between the  72 d i f f e r e n t  samples analyzed. Rotated f a c t o r  
loadings were converted t o  f a c t o r  components and p lo t t ed  on a t e rnary  diagram. 
Samples 68411,13 from S t a t i on  4 on Stone Mountain, 12037,32 from the  r i m  of 
Bench Crater  and 12041,23 from 75 meters from the  r i m  of Bench Cra te r  can be 
considered a s  the  "end members1' f o r  f a c t o r s  I, 11, and 111, respec t ive ly .  

By comparing the  g r a i n  s i z e  frequency d i s t r i b u t i o n s  of these  t h r ee  sam- 
p les  it i s  poss ib le  t o  specu la te  a s  t o  the  importance of these  samples i n  our 
lunar  g r a in  s i z e  da ta .  Sample 12037,32 (11) i s  s t rong ly  bimodal, coarse ,  
poorly sor ted ,  and near ly  symmetrical. Closely assoc ia ted  on the  p l o t  wi th  
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12037,32 a r e  samples from Cone, North Ray, Elbow, Head and Surveyor c r a t e r s .  
Sample 12041,23 (111) i s  poor ly  s o r t e d ,  of in te rmedia te  s i z e  and n e g a t i v e l y  
skewed. This sample c o n t a i n s  a pronounced mode i n  the  g r e a t e r  than 50 s i z e  
range.  Sample 68411,13 ( I )  i s  v e r y  f i n e ,  very  poorly s o r t e d ,  n e a r l y  symmet- 
t r i c a l  and only s l i g h t l y  bimodal. We suggest  t h a t  the  r e g o l i t h  a s s o c i a t e d  
wi th  impact c r a t e r s  wi th  f r e s h  c h a r a c t e r i s t i c s  w i l l  have a l a r g e  f a c t o r  I1 
c o n t r i b u t i o n .  With time (an i n c r e a s e  i n  I)  the  mean g r a i n  s i z e  i s  reduced 
through micrometeoroid comminution and t h e  sample becomes more poor ly  s o r t e d .  
This evo lu t ionary  scheme may be modified a t  any time by t h e  i n f l u x  of f i n e  
m a t e r i a l  ( i n c r e a s e  i n  111) and/or t h e  c r e a t i o n  of a new impact c r a t e r  ( in -  
c r e a s e  i n  11) .  I n  a d d i t i o n  t o  t h e  concept of l i t h o l o g i c  m a t u r i t y  i t  may be 
u s e f u l  t o  d e f i n e  g r a i n  s i z e  m a t u r i t y  on t h e  f a c t o r  I c o n t e n t  of the  sample. 
Samples taken from e j e c t a  of f r e s h  impact c r a t e r s  a t  a l l  s i t e s  form a d i s -  
t i n c t  c l u s t e r  wi th  a l a r g e  con ten t  of component 11. For t h e  o t h e r  samples, 
those  from Apollo 11 and 12 have r e l a t i v e l y  low g r a i n  s i z e  m a t u r i t i e s .  
Apollo 14  and 15 (Apennine Front)  a r e  more mature and samples from Apollo 16 
and 17 e x h i b i t  a wide range of m a t u r i t y  va lues  because of the  complicated 
l o c a l  s i t e  geology. Nonlinear mapping of the  72 samples a l s o  suppor ts  t h e  
above conclus ions .  These r e s u l t s  a r e  i n  agreement wi th  our  previous  conclu- 
s i o n s  (2) t h a t  t h e r e  a r e  g r a i n  s i z e  d i s t r i b u t i o n  d i f f e r e n c e s  w i t h i n  and be- 
tween the  Apollo s i t e s  t h a t  can be r e l a t e d  t o  l o c a l  geology and t o t a l  time of 
r e g o l i t h  accumulation. 
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