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The s e i s m i c  v e l o c i t y  i n  t h e  upper s e v e r a l  k i l o m e t e r s  of  t h e  Moon i s  
known t o  i n c r e a s e  w i t h  d e p t h  a t  a r a t e  o f  2 km/sec p e r  km. Rocks i n  t h e  n e a r  
s u r f a c e  o f  t h e  Moon a r e  s o  j o i n t e d  and broken t h a t  t h e i r  g r a n u l a r  n a t u r e  can- 
n o t  b e  n e g l e c t e d .  However, l i t t l e  i s  known about  t h e i r  mechanica l  b e h a v i o r  
a t  e l e v a t e d  p r e s s u r e s  co r re spond ing  t o  moderate d e p t h s  o f  b u r i a l .  One sug- 
g e s t i o n  is  t h a t  i n c r e a s i n g  compaction w i t h  dep th  i n  a rock  powder can p r o v i d e  
t h e  n e c e s s a r y  i n c r e a s e  i n  v e l o c i t y  w i t h  dep th  which h a s  been observed  i n  t h e  
Moon. 

We have measured t h e  e l a s t i c  wave v e l o c i t i e s  o f  f o u r  l u n a r  rock  powders 
170051, 172161, 172701 and 175081 s u b j e c t e d  t o  h y d r o s t a t i c  c o n f i n i n g  p re s -  
s u r e s  r ang ing  from 1 atmosphere t o  2 .5  k i l o b a r s .  The e l a s t i c  wave v e l o c i t i e s  
a r e  r e v e r s i b l e  w i t h  p r e s s u r e  c y c l i n g ,  as h a s  been  no ted  f o r  t e r r e s t r i a l  r o c k  
powders. The r e s u l t s  f o r  t h e  compress ional  and s h e a r  wave v e l o c i t i e s  a r e  
shown i n  F i g u r e s  1, 2 and 3.  

Veloci ty-depth  g r a d i e n t s  of  0 .4  t o  0 . 8  km/sec p e r  km a r e  observed  b u t  
t h e s e  g r a d i e n t s  on ly  p e r s i s t  t o  a p r e s s u r e  of  50 b a r s  o r  s o  (dep th  z 1 km i n  
Moon). A t  h i g h e r  p r e s s u r e s  t h e  v e l o c i t y  g r a d i e n t  d e c r e a s e s  t o  v a l u e s  some 
10 t o  20 t imes  l e s s  t h a n  t h e  g r a d i e n t  a t  low p r e s s u r e s .  The i n c r e a s e  o f  seis- 
mic v e l o c i t y  w i t h  d e p t h  i n  t h e  s h a l l o w  l u n a r  i n t e r i o r  i s  muchtoo g r e a t  t o  b e  
due s imply  t o  c o l d  se l f -compact ion  o f  rock  powder. 

Our measurements would a rgue  a g a i n s t  t h e  i d e a  of  c o l d  a c c r e t i o n  w i t h o u t  
e x t e n s i v e  h e a t i n g  and i t  f o l l o w s  t h a t  t empera tu re  may have a l a r g e r  e f f e c t  
on t h e  s e i s m i c  v e l o c i t y  i n  t h e  l u n a r  c r u s t  t han  h e r e t o f o r e  b e l i e v e d .  Pre-  
l i m i n a r y  exper iments  on terrestr ial  rock  powders show t h a t  i t  is p o s s i b l e  
t o  ach ieve  equ iva lence  w i t h  s o l i d  rock  v e l o c i t i e s  a t  r e l a t i v e l y  low tempera- 
t u r e s  (Table  1). 

TABLE 1 

Compressional  V e l o c i t y  i n  Volcanic  Ash Samples A f t e r  Var ious  P-T 

Cycl ing .  Measurements a t  Room C o n d i t i o n s .  

P r e s s u r e  Tempera ture l t ime Compressional  
H i s t o r y  H i s t o r y  V e l o c i t y  

room temp. 
room temp. 

-200°C/-1 h r s  
300°C/5 h r s  
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Fig .  1. Compressional  (P)  and s h e a r  (S) v e l o c i t i e s  i n  sample 172701 a s  a 
f u n c t i o n  of c o n f i n i n g  p r e s s u r e .  Both P and S a r e  r e v e r s i b l e  w i t h  
p r e s s u r e .  

F ig .  2 .  The P and S-wave v e l o c i t i e s  i n  samples 170051 and 172161 a s  a func- 
t i o n  of  c o n f i n i n g  p r e s s u r e  compared w i t h  v a l u e s  measured on a t e r -  
r e s t r i a l  v o l c a n i c  ash .  

F ig .  3. P and S-wave v e l o c i t i e s  f o r  sample 175081 compared t o  v a l u e s  meas- 
u red  on a t e r r e s t r i a l  f i n e l y  ground b a s a l t .  
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