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We assume t h a t  l ava  flows can be t r e a t e d  a s  Bingham f l u i d s ,  and then,  we 
c a l c u l a t e  y i e l d  s t r e n g t h s  and v i s c o s i t i e s  f o r  mafic t o  f e l s i c  flows on Ear th ,  
near t he  summit of Ascraeus Mons and Alba Pa te ra  on Mars. The ca l cu l a t i ons  
r e q u i r e  es t imates  of :  e f fu s ion  r a t e s ,  f low dimensions, 'and topographic 
grad ien ts .  

Three models f o r  e f fu s ion  r a t e s  a r e  considered: (1)  mixed cooling [1 ,2] ,  
( 2 )  unmixed cool ing [1 ,2 ] ,  and Graetz number [3 ,4] .  The unmixed cool ing model 
parameters a r e  c a l i b r a t e d  with two t e r r e s t r i a l  a a  flows [5,6,7]  and then 
appl ied  t o  o the r  flows on Earth and Mars. Effusion r a t e s  ca l cu l a t ed  with t he  
mixed cool ing model a r e  about t en  t imes l a r g e r  than those of the  unmixed 
cool ing model; those of t h e  Graetz number model a r e  much lower than those of 
t h e  unmixed model [ s ee  a l s o  81. 

To c a l c u l a t e  y i e l d  s t r eng ths  and Bingham v i s c o s i t i e s ,  we use: (A) a  wide 
flow model [ 9 ] ,  (B) Hulme's model [ 3 ] ,  and (C) model 1  of Baloga and Cr i sp  
[ l o ] .  Model C f u l f i l l s  kinematic requirements by deposi t ing moving l ava  from 
t h e  channel t o  form s t a t i o n a r y  l evees  [ l o ] .  A l l  c a l cu l a t i ons  r equ i r e  
e s t ima te s  of e f fu s ion  r a t e ,  topographic g rad i en t ,  l ava  dens i ty ,  and 
acce l e r a t i on  of g r av i ty .  I n  add i t i on ,  es t imates  of rest thickness  and flow 
depth a r e  used i n  Model A ,  channel and levee widths i n  Model B y  and levee  
he ight  and channel and flow widths i n  Model C. 

For t he  Puu Kia i  flow i n  Hawaii [ 6 ] ,  we f i n d  t h a t  both t he  y i e l d  s t r e n g t h  
and v i s c o s i t y  tend t o  increase  with d i s t ance  from the  vent when the  l a v a  
dens i ty  is constant .  This t rend is s i m i l a r  t o  previous r e s u l t s  [11,12] f o r  
Hawaiian flows. No s t rong  t rend  i s  found f o r  t he  1984 Mauna Loa, o the r  
t e r r e s t r i a l ,  o r  mart ian flows when t h e  l a v a  dens i ty  is taken a s  constant .  

Yield s t r e n g t h s  from the  t h r e e  models a r e  more o r  l e s s  the  same. Bingham 
v i s c o s i t i e s  ca l cu l a t ed  wi th  t he  mixed cool ing model a r e  about t en  times l a r g e r  
than those of t he  unmixed cooling model; those ca lcu la ted  with t he  Graetz 
number model a r e  lower than the  unmixed cool ing model. Comparison of y i e l d  
s t r eng ths  and v i s c o s i t i e s  suggest t h a t  t he re  is a  r e l a t i o n  between the  two 
(e.g., Fig. 1 ) .  

Est imates  of compositions of mart ian flows a r e  subjec t  t o  many 
u n c e r t a i n t i e s  1131. One of these  u n c e r t a i n t i e s  is t h a t  y i e l d  s t r e n g t h  and 
v i s c o s i t y  may vary  along the  length  of t he  flow. I f  y i e l d  s t r eng ths  and 
v i s c o s i t i e s  a r e  compared using a  given s e t  of models, i t  i s  found t h a t  f e l s i c  
flows tend t o  have l a r g e r  y i e l d  s t r e n g t h s  and v i s c o s i t i e s  than mafic flows 
(e.g., Fig. l ) ,  but t h e  magnitudes of t h e  s t r eng ths  and v i s c o s i t i e s  d i f f e r  
among t h e  model s e t s .  Our r e s u l t s  suggest  t h a t  the  mart ian l avas  a r e  more 
ak in  t o  mafic and in te rmedia te  l avas ,  such a s  b a s a l t  and b a s a l t i c  a n d e s i t e ,  
than f e l s i c  l avas ,  such a s  r h y o l i t e  and t r achy te  (Fig.  2) [ see  a l s o  141. 
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Fig. 1. Bingham viscosity versus yield Fig, 2. Bingham viscosity versus 
strength for lava flows on Earth. yield strength showing martian 

flows and composition fields. 
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