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A new comparison of photogeology with Earth-based mapping of  color  and 
radar  r e f l e c t i v i t y  i n  t h e  western two t h i r d s  of Mare Imbrium shows t h a t ,  i n  
general ,  good c o r r e l a t i o n  e x i s t s  between very weak 70 cm wavelength radar  
r e f l e c t i v i t y  and "blue" mare depos i t s  of Eratosthenian age and Imbrian age 
i n  t he  Imbr im Basin (Fig. 1 ) ;  t he  agreement i s  espec ia l ly  s t r i k i n g  with t h e  
youngest Eratosthenian erupt ives .  Re f l ec t i v i t y  va r i a t i ons  on t h e  3.8 cm 
wavelength Earth-based radar  maps agree general ly  with those a t  70 cm but 
only poorly cha rac t e r i ze  mare u n i t s  of d i f f e r e n t  age i n  t h e  Basin, possibly 
due mainly t o  a  s t rong  backscat ter ing e f f e c t  of the  abundant 1 cm t o  10 cm- 
s i z e  rocks t h a t  a r e  common t o  t h e  explored mare surfaces .  

The present  study summarizes and evaluates  those physical  and chemical 
parameters t h a t  most l i k e l y  could be responsible  f o r  t he  anomalously low 
radar  backscat ter ;  namely ( i )  low sur face  roughness and s lopes a t  var ious 
s ca l e s ,  ( i i )  r e g o l i t h  and b a s a l t  s u b s t r a t e  chemistry leading to  high a t -  
tenuat ion,  ( i i i )  low c r a t e r  and sur face  rock frequency d i s t r i b u t i o n s ,  ( iv)  
th ick  a t tenua t ing  r ego l i t h .  Thompson, e t  a l .  (1) showed t h a t  rock popula- 
t ions  on t h e  sur face  and i n  t h e  shallow subsurface i n  the  v i c i n i t y  of impact 
c r a t e r s  were d i r e c t l y  responsible  f o r  observed pos i t i ve  thermal ( in f ra red)  
and p o s i t i v e  3.8 cm and 70 cm radar  anomalies. The presen t  study and o thers  
by P i e t e r s  e t  a l .  (2) and Thompson e t  a l e  (3) have ind ica ted ,  however, t h a t  
t h e  very weakest depolarized radar  backscat ter  s i gna l s  a r e  probably not 
simply due t o  reduced sur face  rock populat ions,  but ins tead  may be s e n s i t i v e  
t o  one o r  more parameters,  such a s  Ti02 content inna te  t o  mare mater ia l s  
with low v i s i b l e  albedo and "blue" color.  

Surfaces of t h e  t h r e e  d i f f e r e n t  Eratosthenian b a s a l t  un i t s  i n  Mare 
Imbrium defined by Schaber (4) dramatical ly  decrease i n  radar  backscat ter  
a b i l i t y  with increasing youth (Fig. 1) .  In  t e s t  areas  (within t he  boundaries 
of f i gu re  1 )  t he  percentages of a r ea  with 70 cm depolarized r e f l e c t i v i t y  
l e s s  than 40-50% of  t h e  average i n t e r c r a t e r  l e v e l  of r e f l e c t i v i t y  a r e :  
phase I, 17%; phase 11, 33%; and phase 111, 64%. The parameters responsible  
f o r  abnormally weak d i f f u s e  s c a t t e r i n g  must increase s u b s t a n t i a l l y  f o r  lava 
phases I, I1 and 111, respect ively.  Although the  e f f e c t s  on t he  radar  
backscat ter  of  r e g o l i t h  depth, c r a t e r  populations and sur face  smoothness 
were inves t iga ted  during the  presen t  study, none were found t o  s a t i s f a c t o r -  
i l y  explain t h e  radar  behavior. Chemistry-related, s i gna l  a t tenua t ion  
could l o c a l l y  be t h e  dominant e f f e c t .  The s igna l  a t tenua t ion  hypothesis 
i s  strengthened by t h e  da ta  of  Charet te  e t  a l .  (5) who, u t i l i z i n g  s p e c t r a l  
r e f l e c t i v i t y  da ta ,  i n f e r r ed  a  high value of 6-8% Ti02 i n  t he  r e g o l i t h  f o r  

reas  of Mare Imbriwn centered at 38* 45'N and 22O 4 0 ' ~  and 41" 0 5 ' ~  and 
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25O OO'W. These l o c a t i o n s  a r e  under la in  by Era tos then ian  l avas  o f  t h e  
o l d e s t  phase-I  e r u p t i v e  c y c l e  (Fig. 1 ) .  I f  we assume t h a t  t h e  a t t e n u a t i o n  
of r a d a r  s i g n a l s  i s  t o t a l l y  a t t r i b u t e d  t o  inc reased  Ti02 i n  t h e  s o i l ,  then  
t h e  lower b a c k s c a t t e r  va lues  from t h e  youngest phase-I11 flows may i n -  
d i c a t e  remarkably h igh  Ti02 con ten t s ;  perhaps even h igher  than  t h e  8-10% 
found a t  t h e  Apollo 17  s i t e .  
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Figure  1 - Areal d i s t r i b u t i o n  o f  weakest, depo la r ized ,  70 un wavelength 
radar  r e f l e c t i v i t y  i n  t h e  Imbrium Basin (dot ted p a t t e r n )  and i t s  c o r r e l a t i o n  
with t h r e e  phases o f  Era tos then ian  age l avas  mapped by Schaber (4). Mare 
co lo r  d a t a  taken from r e c e n t  d a t a  by Whitaker (personal communication) a r e  
shown by l e t t e r s ;  R ( r e d ) ;  MR (medium r e d ) ;  MB (medium b l u e )  and B (blue).  
Hatchured l i n e s  mark t h e  f o o t  o f  most ex tens ive  flow sca rps  observed f o r  
lava  phases I1 and 111. Short  dashed l i n e  marks t h e  p a r t i a l  r i m  o f  t h e  
Sinus Iridum c r a t e r .  Long dashed l i n e s  i n d i c a t e  a r e a  of d e t a i l e d  r a d a r  
r e f l e c t i v i t y / l a v a  flow i n v e s t i g a t i o n ,  Mare m a t e r i a l s  n o t  enclosed by s o l i d  
l i n e s  a r e  of Imbrian age. 
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