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Ascraeus Mons ( 1 1 ' ~ .  104.5'~) i s  t h e  nor thernmost  o f  t h e  Tha rs i  s  
Montes s h i e l d  volcanoes. Remote sens ing  d a t a  c o l l e c t e d  a t  seve ra l  
wavelengths were ana lyzed i n  o r d e r  t o  r e l a t e  s u r f a c e  p r o p e r t i e s  t o  t h e  
g e o l o g i c  h i s t o r y  o f  t h e  vo lcano ( 1 ) .  The r e s u l t s  a r e  d iscussed he re  i n  
r e l a t i o n  t o  t h e  abundance o f  f i n e - g r a i n e d  m a t e r i a l  on t h e  volcano.  

OBSERVATIONS 
Photo i  n t e r p r e t a t i o n .  F low f r o n t s  and 1  eveed channel s  a r e  abundant and 

c l e a r l y e  summit o f  t h e  vo lcano b u t  a1 1  s u r f a c e  r e l i e f  i s  
i n c r e a s i n g l y  subdued w i t h  dec reas ing  e l e v a t i o n  (401B01-24). The a r e a l  
d e n s i t y  o f  c r a t e r s  < 270 m i n  d iame te r  a l s o  decreases w i t h  dec reas ing  
e l e v a t i o n ;  summit a rea c r a t e r s  a r e  we1 1 def ined w i t h  sharp r ims  b u t  b o t h  
subdued and sharp-rimmed c r a t e r s  a r e  v i s i b l e  a t  l ow  e l e v a t i o n s .  

V i s u a l  r e f l e c t a n c e .  Summit a rea a lbedos a r e  v e r y  u n i f o r m  (0.05 and 
0.16 a t  v i o l e t  and red  wavelengths;  696A41 and 47) when t h e  pho tomet r i c  
e f f e c t s  o f  t h e  vo l cano  s lopes  a r e  taken  i n t o  account. A  zone o f  l o w e r  
a lbedo surrounds t h e  summit a rea below an e l e v a t i o n  o f  app rox ima te l y  19 km 
(0.05 and 0.14 a t  v i o l e t  and r e d  wave lengths) .  

The ma1 i n  r r e d  Summit area thermal  i n e r t i a s  o f  2.0 t o  2.5 ( x  lo- '  
c a l  &e+l K ) a r e  comparable t o  o r  l a r g e r  t h a n  t h e  thermal  
i n e r t i a s  f o r  t h e  T h a r s i s    la ins t h a t  sur round t h e  volcano.  The upperniost 
c a l d e r a  w a l l  s  a r e  t h e  ' o n l y  t e r r a i n  u n i t  w i t h  d i s t i n g u i s h a b l e '  t he rma l  
i n e r t i a s  ( I  = 4.5) ; a1 1  f l o w - r e 1  a ted  t e r r a i n s  have e q u i v a l e n t  t he rma l  
i n e r t i a s ,  even where i n d i v i d u a l  f l o w s  can be s p a t i a l l y  reso lved.  F lank  
thermal  i n e r t i a s  i n c r e a s e  w i t h  dec reas ing  e l e v a t i o n  b u t  t h e y  r e t u r n  t o  
summit area va lues  a t  t h e  s h i e l d - p l a i n s  c o n t a c t .  Thermal i n e r t i a s  on t h e  
f l a n k s  o f  t h e  vo lcano a r e  r a d i a l l y  symmetric about t h e  summit. Temperatures 
measured i n  a l l  o f  t h e  IRTM thermal  bands i n d i c a t e  t h e  presence o f  some 
suspended d u s t  i n  t h e  atmosphere, even above t h e  summit, b u t  t h e r e  i s  no 
evidence o f  wa te r  vapor c louds  ( a f t e r  2,3). 

Radar. No r e t u r n s  were rece i ved  f rom Ascraeus Mons f o r  e i t h e r  
c o n t i  nuous-wave ( 4 )  o r  d e l  ay-Doppl e r  (5,6)  r a d a r  obse rva t i ons ,  even from 
groundt racks  t h a t  passed d i  r e c t l y  ove r  t h e  v o l  cano(4) .  These ana lyses  d e a l t  
w i t h  t h e  quas i -specu l  a r  p o r t i o n  o f  t h e  r a d a r  s i g n a l  b u t  r a d a r  d a t a  f rom t h e  
T h a r s i s  r e g i o n  a r e  dominated by t h e  d i f f u s e  component o f  t h e  r a d a r  s i g n a l  
( 7 )  * 

ANALYSIS 
Thermal i n e r t i a  can be r e l a t e d  t o  an e f f e c t i v e  p a r t i c l e  s i z e  f o r  an 

i d e a l i z e d  s u r f a c e  c o n s i s t i n g  o f  o n l y  one p a r t i c l e  s i z e  ( 8 ) ;  < 50 um f o r  t h e  
summit area, i n c r e a s i n g  t o  100 urn near t h e  base o f  t h e  volcano.  The 
i nc rease  i n  s i z e  may be r e l a t e d  t o  an i nc rease  i n  t h e  abundance o f  
sand-si zed p a r t i c l e s ,  perhaps i nc]  u d i  ng aggregates o f  c l  ay -s i  zed p a r t i c l e s  
( 9 ) .  Sand-sized m a t e r i a l s  would be most e a s i l y  s e t  i n  mo t ion  by t h e  w ind 
(10 )  and i t  i s  d i f f i c u l t  t o  i n i t i a t e  a e o l i a n  a c t i v i t y  i n  s i l t  o r  c l a y - s i z e d  
p a r t i c l e s  w i t h o u t  t h e  presence o f  sand (11) .  The wavelength dependence o f  
t h e  summit a rea  a lbedos p a r a l l e l s  t h e  r e f l e c t a n c e  s p e c t r a  o f  Arab ia ,  
i n t e r p r e t e d  t o  c o n t a i n  d u s t  d e p o s i t s  ( 1 2 ) ,  b u t  Ascraerls Mons i s  c o n s i s t e n t l y  
d a r k e r  t h a n  Arab ia .  
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The t h i c k n e s s  o f  t h e  s u r f a c e  d e p o s i t s  can  be b r o a d l y  c o n s t r a i n e d  f r o m  
t h e  d i f f e r e n t  d a t a  s e t s .  V i s i b l e  r e l i e f  i n d i c a t e s  t h a t  s u r f a c e  d e p o s i t s  i n  
t h e  summit a r e a  a r e  p r o b a b l y  < <  15 m  i n  t h i c k n e s s  w h i l e  a t  t h e  base o f  t h e  
v o l c a n o  t h e  d e p o s i t s  a r e  p r o b a b l y  > 15  m  i n  t h i c k n e s s  and may be > 45 m  a t  
some l o c a t i o n s  ( 1 ) .  The p resence  o f  b o t h  subdued and sharp-r immed c r a t e r s  
a t  l o w e r  e l e v a t i o n s  i n d i c a t e s  t h a t  t h e  d e g r a d a t i o n  o f  s u r f a c e  r e l i e f  i s  n o t  
due t o  a tmosphe r i c  o b s c u r a t i o n  o f  s u r f a c e  d e t a i l s .  The l o w  t h e r m a l  i n e r n  
o f  t h e  summit a r e a  r e q u i r e s  t h a t  a t  l e a s t  2  cm o f  t h e  f i n e - g r a i n e d  m a t e r i a l s  
be p r e s e n t  o v e r  much o f  t h e  s u r f a c e  ( 1 3 ) .  The d i f f u s e  component o f  t h e  
r a d a r  s i g n a l  i s  mos t  l i k e l y  due t o  s c a t t e r i n g  by  o b j e c t s  comparab le  i n  s i z e  
t o  t h e  13 cm w a v e l e n g t h  o f  t h e  r a d a r  ( 7 ) .  E i t h e r  t h e  r a d a r  s i g n a l  
p e n e t r a t e s  t h e  f i n e - g r a i n e d  m a t e r i a l  r e s p o n s i b l e  f o r  t h e  t h e r m a l  i n e r t i a  o r  
t h e  s c a t t e r i n g  o c c u r s  f r o m  a r e a l l y  l e s s  abundant  o b j e c t s  a t  o r  n e a r  t h e  
s u r f a c e  (e.g. r o c k s ) .  

B o t h  a  v o l c a n i c  and an a e o l i a n  o r i g i n  a r e  p o s s i b l e  f o r  t h e  s u r f a c e  
p r o p e r t i e s  b u t  a  v o l c a n i c  o r i g i n  appears l e s s  l i k e l y .  The l a c k  o f  
c o r r e l a t i o n  between f l o w  f e a t u r e s  and t h e  t h e r m a l  d a t a  i n d i c a t e s  t h a t  f l o w  
t e x t u r e s  do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  obse rved  t h e r m a l  i n e r t i a  
( c o n s i s t e n t  w i t h  t h e  p resence  o f  m a t e r i a l  d e p o s i t e d  o v e r  t h e  o r i g i n a l  f l o w  
s u r f a c e ) .  The d e g r a d a t i o n  o f  s u r f a c e  r e l i e f  i n d i c a t e s  i n c r e a s i n g  d e p o s i t  
t h i c k n e s s  w i t h  d e c r e a s i n g  e l e v a t i o n ;  t h i s  r e l a t i o n s h i p  i s  o p p o s i t e  t o  what  
m i g h t  be expec ted  f o r  a  p y r o c l a s t i c  sou rce  nea r  t h e  summit o f  t h e  vo l cano .  
The r a d i a l  symmetry o f  t h e  t h e r m a l  i n e r t i a s  around t h e  summit c a l d e r a  i s  
a l s o  d i f f i c u l t  t o  j u s t i f y  w i t h  a  p y r o c l a s t i c  s o u r c e  s e p a r a t e  f r o m  t h e  
vo l cano .  The 2  cm minimum t h i c k n e s s  f o r  f i n e - g r a i n e d  m a t e r i a l s  i n  t h e  
summit a rea  can  be  combi ned w i t h  t h e  c a l  c u l  a t e d  d u s t  d e p o s i t i o n  r a t e  t o  
i n d i c a t e  t h a t  a t  l e a s t  1500 y e a r s  o f  average  d u s t  d e p o s i t i o n  a r e  needed t o  
p roduce  t h e  obse rved  t h e r m a l  i n e r t i a s .  A lbedo  v a r i a t i o n s  a r e  obse rved  t o  
o c c u r  on t h e  T h a r s i s  Montes and Olympus Mons o v e r  t i m e s c a l e s  o f  days  t o  
weeks ( 1 4 )  so t h a t  d u s t  e r o s i o n  ( o r  r e m o b i l i z a t i o n )  must  accompany t h e  d u s t  
d e p o s i t i o n ;  t h e  t h e r m a l  i n e r t i a s  p r o b a b l y  r e p r e s e n t  d u s t  a c c u m u l a t i o n s  
t h r o u g h  s e v e r a l  t housands  o f  y e a r s .  
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