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Yield strengths of lava flows can be calculated from remote measurements 
of t h e i r  thickness, width, levees,and gradient. The flows a re  considered t o  
be Binghm Plas t i cs  ( 1 , ~ ) .  Yield strengths of flows on the Earth, Moon, and 
Mars vary and may r e f l e c t  differences i n  vo la t i l e  content, f rac t ion of en- 
trained sol ids  due pa r t l y  t o  cooling (1 )  , s i l i c a  content ( 2 ) ,  or some combina- 
t ion  of these factors .  Despite these variables, it may be possible t o  dis-  
tinguish flows with low s i l i c a  contents from those with high s i l i c a  contents 
by remote measurements of flows a t  some distance from t h e i r  vents, where they 
should be depleted i n  vola t i les .  Geologic interpretat ions of the  process 
producing the  flows a r e  a lso  required. 

Direct measurements of molten, vola t i le- r ich  basa l t i c  lava i n  the 
2 Makaopuhi lava lake,  Hawaii, indicate a y ie ld  strength near 102~/m (3) .  

Renote measurements of flows on Mauna Loa, 600 m f om the  r i m  of Mokuaweoweo 
3 5 lava lake, indicate a y ie ld  strength near 4x10 ~ / m  whereas several kilometers 

from the  r i m  the  yie ld  strengths a re  near 2x10%/m2: The differences cannot 
be interpreted in terms of s i l i c a  content alone because the  s i l i c a  contents o f  
Mokuaweoweo lava are  qui te  uniform (dl%). Similar resu l t s  a re  found f o r  M t  . 
Etna (2,4). The differences i n  y ie ld  strength appear t o  be the  resu l t  of 
changes i n  vo la t i l e  content, which should decrease rapidly with distance from 
the source, and the f rac t ion of entrained solids,  which should increase with 
cooling and distance from the  source ( 3 , l ) .  

Two types of lunar flows have been examined: lava (1,2,5)2and2impact melt 
( 1 6 )  The Imbrium lava flows have yie ld  strengths (near 2x10 ~ / m  ) compat- 
i b l e  with a l o w  s i l i c a  content. It seems probable tha t  the  vo la t i l e  content 
was low a t  the time the  flows stopped, some 190 km from t h e i r  vent, and tha t  
flows have l o w  s i l i c a  contents, l i k e  other mare basal ts  (38%-b5%)* Flows of 

4 3- 3 impact melts have mar edly variable y ie ld  strengths (10 -5x10 N/m ), and they 
average near 2x10 ~ / m  . Comparison of the average yie ld  strength of flows of 
impact melt with the  Hawaiian flows several kilometers from the i r  vent implies 
a s i l i c a  content near 5176, but compositions of samples from both the uplands 
and maria of the  Moon a re  typical ly  much lower than 51% SiO The varied and 

2 generally high yie ld  strengths of melts could resul t  from a varied content of 
solids such as shocked rock and breccia. Low yield strengths may indicate 
largely  melt, and high yie ld  strengths may indicate re la t ive ly  large  amounts 
of entrained solids.  Thus, volcanic flows must be distinguished from flows of 
impact melt as well a s  other types of flows. 3 2 Yield strengths of the  Martian volcanic flows of Arsia Mons (&LO N/m ,7)  
and Olympus Mons (dx10%/m2,8) are  camparable t o  those of the  flows on t h e  
flanks of Mokuaweoweo. Volati le  contents of the Martian flows were probably 
l o w  because the flows were measured a t  considerable distances from t h e i r  vents. 
Thus, the Martian flows probably have low s i l i c a  contents (<51%). S i l i ca  con- 
t en t s  fo r  the flaws of Arsia Mons a re  probably &5%, as  inferred by comparison 
with yield strengths of t e r r e s t r i a l  flows a t  large distances from t h e i r  vents 
(see 2,5) .  Such a low s i l i c a  content i s  compatible with Viking resu l t s  (9 ) .  
The flows of Olympus Mons a re  more s i l i c i c  than those of Arsia Mons. I f  the  
vo la t i l e  contents and entrained sol ids  were the saane, the  differences between 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



YIELD STRENGTHS OF FLOWS ON THE EARTH, MOON, AND MARS. 

Moore, H . J . ,  e t  al. 

the  yie ld  strengths of the Arsia Mons and Olympus Mons flows may be the  re- 
su l t  of differentiat ion.  

Although much needs t o  be learned about lava and calculated yie ld  
strengths, the  technique holds promise as a means of obtaining rough estimates 
of s i l i c a  contents of volcanic flows by remote measurements. 
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