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I n t r o d u c t i o n :  Huguenin e t  a1.l 9 '  have c i t e d  a v a r i e t y  of remote sens ing  
d a t a  t h a t  t hey  i n t e r p r e t  t o  b e  c o n s i s t e n t  w i t h  anomalous n e a r - e q u a t o r i a l  r e -  
g i o n s  of H20 ou tgass ing  ("oases") .  Although n o t  provid ing  a unique c h a r a c t e r -  
i z a t i o n  of s u r f  a c e  chemis t ry ,  Earth-based r a d a r  measurtments of t h e  m a r t i a n  
s u r f a c e  would be expected t o  show some anomaly f o r  any r e g i o n  con ta in ing  
l i q u i d  w a t e r .  Th i s  r a d a r  anomaly would be  t h e  r e s u l t  of t h e  v e r y  l a r g e  v a l u e  
of r a d a r  r e f l e c t i v i t y  a t  t h e  atmosphere/water  i n t e r f a c e ,  and a l s o  t h e  h i g h  
r a d a r  a b s o r b t i v i t y  of damp o r  even hydra ted  s o i l s .  Radar t h e r e f o r e  p rov ides  
an a d d i t i o n a l  t e s t  f o r  r e s o l v i n g  t h e  p o s s i b l e  e x i s t e n c e  of m a r t i a n  oases .  

Earth-based r a d a r  measurements of t h e  m a r t i a n  su r f  a c e  were c a r r i e d  o u t  a t  
t h e  J e t  P ropu l s ion  Labora to ry ' s  Golds tone  F a c i l i t y  by Downs and o t h e r s  i n  1971- 

3 
1973, and t h e  r e s u l t a n t  d a t a  k i n d l y  made a v a i l a b l e  t o  u s  by D r .  Downs. I n  
a d d i t i o n  t o  p rov id ing  topography and l o c a l  s l o p e  e s t i m a t e s ,  3 ' 4  t h e  Golds tone  
d a t a  p rov ides  t h e  mean d i e l e c t r i c  c o n s t a n t  and smoothness of t h e  s u r f a c e  over  
t h e  r a d a r  r e s o l u t i o n  cel l . '  Coverage between 1971-1973 was ob ta ined  f o r  mar- 
t i a n  l a t i t u d e s  14'5 t o  22's f o r  almost  t h e  e n t i r e  c i rcumference  of t h e  p l a n e t .  

Data:  The e n t i r e  Goldstone r a d a r  d a t a  s e t  (1232,600 d a t a  p o i n t s )  was 
searched by u s  t o  l o c a t e  a r e a s  t h a t  posses s  both anomalously h igh  r e f l e c t i v i t y  
and smoothness ("c-f a c t o r , "  r e f .  5 )  v a l u e s .  A p a i r i n g  of r e f l e c t i v i t i e s  >9% 
and c-f a c t o r s  >3200 (rms s l o p e  < 1 .0  ) were employed i n  t h i s  s e a r c h  mode. F i g .  
1 i l l u s t r a t e s  t h e  a e r o c e n t r i c  p o s i t i o n s  and number d e n s i t y  of t h e s e  high- 
r e f l e c t i v i t y ,  high-smoothness measurements. Only two r e g i o n s  on t h e  p l a n e t  
a r e  i d e n t i f i e d  by t h i s  technique .  Very prominent i s  a r e g i o n  cen te red  a t  
1 7 ' ~ ,  8 5 ' ~ ~  i n  a d d i t i o n  t o  two s m a l l e r  a r e a s  t o  t h e  nor thwest  of He l l a s :  r e -  
markably c l o s e  t o  t h e  Solus  Lacus and Noachis-Hellespontus Oases proposed by 
Huguenin e t  a 1 . l ' '  

There i s  l i t t l e  doubt  of t h e  r e a l i t y  of t h e s e  anomalous a r e a s .  The meas- 
urements  p re sen ted  i n  F i g .  1 i n c l u d e  d a t a  from bo th  t h e  1971 and 1973 con- 
j u n c t i o n s .  Almost no randomly-located p o i n t  measurements appear  over  t h e  r e s t  
of t h e  p l a n e t ,  d e s p i t e  t h e  near  g l o b a l  coverage of t h e  d a t a  s e t  between 14's- 
22's. Nor have we found t h a t  a  change i n  contour l e v e l s ,  from 9% t o  11% r e -  
f l e c t i v i t y  o r  3200 t o  2400 c - f a c t o r ,  causes  any s i g n i f i c a n t  change i n  t h e  
shape  o r  number of a r e a s  i d e n t i f i e d .  
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F i g .  1: D i s t r i b u t i o n  of p o i n t  measurements w i t h  bo th  r e f l e c t i v i t y  g r e a t e r  
t han  9% and c - f a c t o r  g r e a t e r  t han  3200. Data,  l oca t ed  betewen 14-22's f o r  
e n t i r e  c i rcumference  of p l a n e t ,  c o n t a i n s  approximately 32,600 p o i n t  measure- 
ments .  Shown h e r e  i s  t h e  number of 1' l a t .  x 5' long .  ample b i n s  w i t h  any 
(open) ,  more than  10 ( s t i p p l e d )  and more than  36 (black) p o i n t  occurrences  of 
t h e s e  r a d a r  r e t u r n s .  
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Use of t h e  a c q u i s i t i o n  d a t e s  f o r  t h e  Goldstone d a t a  permit t h e  Solus 
Lacus measurements t o  be subdivided on t h e  b a s i s  of mar t i an  season.  The 1971 
and 1973 d a t a  were taken dur ing l o c a l  sp r ing  (LS 216-256) and l o c a l  summer 
(LS 249-288) r e s p e c t i v e l y .  These measurements a r e  t h e  only ones which appear 
a s  anomalies i n  Fig .  1. Addi t ional  d a t a  were a l s o  c o l l e c t e d  during t h e  1972 
mar t i an  conjunct ion,  which coresponds* t o  l o c a l  win te r  i n  t h e  southern  hemi- 
sphere  (LS 112).  

Fig .  2 A  p r e s e n t s  t h e  mean r e f l e c t i v i t y  va lues  f o r  each oppos i t ion  a s  a  
func t ion  of a e r o c e n t r i c  longi tude.  Addi t iona l  confirmation of t h e  anmalous  
n a t u r e  of t h e  Solus Lacus region can be der ived by not ing t h a t  e a s t  of 8 3 ' ~ ,  
the  r e f l e c t i v i t y  v a l u e s  a r e  c o n s i s t e n t l y  lower than 8%--a v a l u e  comparable t o  
o the r  s u r f a c e  m a t e r i a l s  on ~ a r s ? , ~  Adequate c a l i b r a t i o n  of t h e  d a t a  f o r  a l l  
t h r e e  opposi t ions  is  a l s o  i l l u s t r a t e d  by t h e  region 8 0 - 8 3 ' ~ ~  because f o r  each 
year  v i r t u a l l y  the  same r e f l e c t i v i t y  v a l u e s  were obta ined.  

Between 83-93Ow, c l e a r  seasona l  v a r i a t i o n s  i n  t h e  r e f l e c t i v i t y  v a l u e s  a r e  
observed." For t h e  summer measurements, mean r e f l e c t i v i t i e s  may be  a s  h igh  a s  
12.8%, whi le  t h e  maximum spr ing  v a l u e  is  10.2%. Maximum s p r i n g  and win te r  
va lues  a r e  s i m i l a r ,  b u t  f r e q u e n t l y  win te r  minima f a l l  t o  7%, while  sp r ing  re-  
mains a t  Q9%. A sys temat ic  seasona l  r e l a t i o n s h i p ,  involving high-summer, in-  
termediate-spring and low-winter r e f l e c t i v i t i e s  f o r  t h e  same l a t i t u d e s  and 
long i tudes ,  i s  revealed i n  Fig .  2 ~ :  which normalizes sp r ing  and summer v a l u e s  
t o  those  obta ined a t  t h a t  long i tude  dur ing win te r .  

Discussion: .  Measurements showing a  h igh radar  r e f l e c t i v i t y  (high d i e l e c -  
t r i c  cons tan t )  would be expected no t  only f o r  water s u r f a c e s ,  bu t  a l s o  f o r  
l a r g e  a r e a s  of smooth rock a t  or  nea r  (%1 meter depth) t h e  su r face .  Anortho- 
s i t i c  rock,  wi th  a  d i e l e c t r i c  cons tan t  of about 5 ,  would have a  r e f l e c t i v i t y  
of about 15% i f  t h e  e n t i r e  s u r f a c e  a r e a  covered by t h e  radar  c e l l  ( ~ 1 2 . 5  lun2) 
were w i t h i n  t h i s  m a t e r i a l .  Because photogeological  a n a l y s i s  of Solus ~ a c u s ~  
r e v e a l s  many l a r g e  c r a t e r s  and a  p i t t e d  s u r f a c e  a t  an image r e s o l u t i o n  of 
about 10 mete r s ,  exp la in ing  t h e  observed high r e f l e c t i v i t y  by invoking a  r e -  
g i o n a l l y  smooth s u r f a c e  i s  untenable .  The seasona l  v a r i a b i l i t y o f  t h e  r e f l e c -  
t i v i t y  v a l u e s  obtained i s  a l s o  ve ry  d i f f i c u l t  t o  exp la in  by hypothes iz ing an 
annually v a r i a b l e ,  ve ry  smooth, s o l i d  rock su r face .  Conversely, t h e  t r a n s i -  
t i o n  f r m  water  i c e  t o  l i q u i d  water  produces e x a c t l y  t h e  observed radar  re-  
sponse, due t o  s t r i k i n g  changes i n  t h e  d i e l e c t r i c  p r o p e r t i e s  of t h e  water  a s  
t h e  i c e  mel t s .  

We t h e r e f o r e  have t o  conclude t h a t  only s u r f a c e  m a t e r i a l s  conta ining 
l i q u i d  water  a r e  c o n s i s t e n t  with:  1 )  t h e  h igh summer r e f l e c t i v i t y ;  2) t h e  
observed s u r f a c e  morphology; and 3) t h e  i n c r e a s e  i n  r e f l e c t i v i t y  va lues  a s  
Solus Lacus exper iences  a seasona l  change*from win te r  t o  summer. Some in- 
f e rences  can a l s o  be made about t h e  r e g i o n a l  e x t e n t  of t h e  l i q u i d  water a t  
S o l i s  Lacus. An e x t e n s i v e  l i q u i d  water  s u r f a c e  (e .g . ,  a  l ake )  would have a  
much h igher  r e f l e c t i v i t y  than the  observed maximum v a l u e  of about 16%. More 
l i k e l y  i s  a  t r a n s i t i o n a l  zone of damp s o i l ,  which produces a  more g radua l  
change i n  complex d i e l e c t r i c  constant  ( i . e . ,  inc luding d i e l e c t r i c  loss -  
t angen t ) ,  and hence a  smal le r  observed r e f l e c t i v i t y ,  than an abrupt  i n t e r f a c e .  
A l t e r n a t i v e l y ,  the  l i q u i d  water may only s p o r a d i c a l l y  be w i t h i n  one meter  of 
t h e  surf  ace ,  s o  t h a t  t h e  observed r e f l e c t i o n  va lues  a r e  a  mixture  of h igh 
water r e t u r n s  d i l u t e d  w i t h  r e t u r n s  from t h e  in te r spe rsed  d ry  s o i l  or  rock sur-  
f  aces .  I f  t h i s  second s i t u a t i o n  is  a p p l i c a b l e ,  t h e  c-f a c t o r  measurements 
would depend on t h e  h i g h l y  r e f l e c t i n g  regions  ( i . e . ,  t h e  "oases") r a t h e r  than 
t h e  dry in te rven ing  a r e a s .  

*There remains a a u e s t i o n  ahout  t h e  d e t a i l e d  seasonal  v a r i a t i o n s  repor ted  
h e r e ,  s p e c i f i c a l l y ,  va iues  f o r  L w e  have used. Th i s  ques t ion  i s  being S 
resolved.  
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F i g .  2 :  A )  Mean r e f l e c t i v i t y  v a l u e s  f o r  l o c a l  s p r i n g ,  summer and w i n t e r .  
D a t a  i n c l u d e s  1316 p o i n t  measurements ,  d e r i v e d  from 1 4  r a d a r  s w a t h s .  * Summer 
and s p r i n g  measurements  a r e  mean v a l u e s  of s i x  r a d a r  s w a t h s  e a c h ,  w i n t e r  i s  
f o r  two r a d a r  s w a t h s .  Sample b i n  s i z e  i s  0.16' l o n g i t u d e .  B ) . T h e  s e a s o n a l  
c h a r a c t e r  of r e f l e c t i v i t y  r e t u r n s  i s  shown h e r e  by d i v i d i n g  t h e  summer and 
s p r i n g  v a l u e s  a t  e a c h  l o n g i t u d e  by t h e  r e s p e c t i v e  w i n t e r  v a l u e .  D a t a  b a s e  
same a s  F i g .  2A. 
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