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The purpose o f  t h i s  s h o r t  communication i s  t o  p r e s e n t  a  phenomenological 
t h e o r y  of t h e  a t t e n u a t i o n  and n ropaga t i on  v e l o c i t y  o f  e l a s t i c  waves i n  r o c k s  
i n  t h e  l i n e a r  regime. I t  pursues t h e  o b j e c t i v e  o f  d e r i v i n g  a  p a r t i a l  
d e s c r i p t i o n  o f  macroscopic behav io r  based on c e r t a i n  genera l  assumptions 
concern ing  t h e  n a t u r e  o f  t h e  m i c r o s t r u c t u r e .  The most i m p o r t a n t  assumpt ion 
i s  t h a t  t h e r e  i s  a  broad d i s t r i b u t i o n  o f  a c t i v a t i o n  ene rq ies .  T h i s  l a t t e r  
g r o p e r t y  i s  a lmost  i n e v i t a b l e  i n  permanent ly  d i s o r d e r e d  systems if t h e  
d i s o r d e r  d i r e c t l y  a f f e c t s  t h e  a c t i v a t i o n  ene rg ies .  We a l s o  a l l o w  t h e  
p o s s i b i l i t y  o f  a d d i t i o n a l  s e t s  o f  r e l a x a t i o n  processes i n v o l v i n g  v e r y  s h o r t  
r e l a x a t i o n  t imes .  

A l though t h e  t h e o r y ,  w i t h  t h e  i n c l u s i o n  o f  c e r t a i n  a d d i t i o n a l  assump- 
t i o n s ,  i s  capab le  o f  d e a l i n g  w i t h  t h e  dependence o f  v e l o c i t y  and a t t e n u a t i ~ n  
on bo th  s i g n a l  f requency and water  p a r t i a l  p ressu re ,  t h e  exper imenta l  da ta  
cons ide red  here  c o n t a i n s  o n l y  t h e  l a t t e r  dependence. F u t u r e  exper imenta l  
work w i l l  emphasize frequency dependence. 

It has been proposed (1  ) t h a t  t h e  u n u s u a l l y  h i g h  mechanical  s t r e n g t h  of 
l u n a r  rocks  a r i s e s  f rom t h e  absence o f  wa te r .  As w i l l  be shown l a t e r ,  t h e r e  
i s  a  good i n v e r s e  c o r r e l a t i o n  between mechanical s t r e n g t h  and a  c e r t a i n  
parameter  r e l a t e d  ( a c c o r d i n g  t o  t h e  phenomenological t h e o r y )  t o  a t t e n u a t i o n .  
Thus, i t  i s  c l e a r  t h a t  any i n s i g h t s  ga ined i n t o  t h e  r e l a t i o n  between a t t e n u -  
a t i o n  and t h e  presence o f  water  w i l l  have re levance  t o  l u n a r  rocks .  

It i s  assumed t h a t  t h e  complex modulus ( r e l e v a n t  t o  t h e  process con- 
s i  dered)  can be rep resen ted  i n  terms o f  s u p e r p o s i t i o n  o f  e l  ementar.y r e 1  axa- 
t i o n  processes,  i . e.  

where ;"s a  r e f e r e n c e  modulus e x i s t i n g  i n  t h e  absence o f  d i s s i p a t i v e  
Drocesses, i i s  a  r e l a x a t i o n  t ime ,  and P ( T )  i s  a  p r o b a b i l i t y  d e n s i t y  
r e n r e s e n t i n q  t h e  d i s t r i b u t i o n  o f  r e l a x a t i o n  t imes.  The c o n s t a n t  co-  
e f f i c i e n t  .( r e f l e c t s  t h e  d e n s i t y  o f  e lementary  r e l a x a t i o n  processes and 
t h e i r  s t r e n g t h s  o f  i n t e r a c t i o n  w i t h  t h e  gross e l a s t i c  f i e l d .  

I t i s  assumed t h a t  t h e  r e l a x a t i o n  processes a r e  t h e r m a l l y  a c t i v a t e d  
w i t h  a  broad d i s t r i b u t i o n  o f  a c t i v a t i o n  ene rg ies .  S p e c i f i c a l l y  we assume 

where t h e  a c t i v a t i o n  energy E i s  a  random v a r i a b l e  u n i f o r m l y  d i s t r i b u t e d  
over  an i n t e r v a l  whose l i m i t s  depend l i n e a r l y  on t h e  r e l a t i v e  p a r t i a l  
pre:,sure o f  wa te r .  W i t h  c e r t a i n  a d d i t i o n a l  assumpt ions,  o b t a i n  t h e  complex 
modulus i n  t h e  for111 

where + ( U T  ) a  u n i v e r s a l  complex f u n c t i o n  of wrmin  where w i s  t h e  s i g n a l  m i  n  
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frequency and ?,in i s  the relaxation time associated with the minimum a c t i -  
vation energy. A detai led discussion i s  qiven in a paper by Richardson and 
Ti ttmann ( 2 ) .  

The theory has been f i t t e d  t o  velocity and attenuation data fo r  a 
number of sandstones. The resu l t s  f o r  Coconino sandstone a re  given in 
Fig. 1 in which Q-1 and the r e l a t ive  velocity decreases (vo-v)/vo a re  
plotted as functions of p / p O ,  the r e l a t ive  par t ia l  Bressure of water. I n  
Table I the dimensionless parameter combination r /x i s  compared with 
mechanical properties of a number of rocks. The papameter r entering 
E q .  ( 3 )  i s  proportional to  y and measures the to ta l  "importance" of the  
collect ion of d iss ipa t ive  processes and x0 i s  the dry zero-frequency 
value of the modulus. The correlat ion be&een r/x: and mechanical properties 
i s  s t r ik ing .  

*This material i s  based upon work supported by the National Science Founda- 
t ion under Grant No. EAR-7906709. 
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TABLE I 

U n i a x i a l  Compressive Data f o r  Sandstones 

Sandstone 71;: Compressive Young s 

S t r e n s t h  Modulus 

(1 0'') kg/cm2 0yne!cm2 

A u s t i n  Chalk 0.03957 400 ( e s t )  3 .0  ( e s t )  

Coconino 0.00631 477 3.15 

Tennessee 0.00594 ,1758 4.28 

Sioux Q t z  0.00456 ,1844 4.75 
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