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YIELD STRENGTHS OF TERRESTRIAL, MARTIAN AND LUNAR FLOWS: A REASSESSMENT, 
S A  Fagents and L Wilson, Environmental Science Division, Lancaster University, Lancaster LA1 4YQ. UK. 

It is apparent that many uncertainties and ambiguities an involved in the determination of yield strengths - 
of lava flows from images. Such uncertainties may have led to the findings of Moore et al. [I] and Fox and 
Morris [2] that the yield strength of a given lava depends in some way on the slope of the surface on which it is 
emplaced, rather than being an intrinsic properly of the lava. 

There are three standard ways of obtaining a yield strength by examining the flow morphology; these use 
the equations: 

S y = p g d b s i n a  (1). 

s y  = P g dc2/wt (21, 
6 s Y = p g s i n 2 a 2 ~  (3). 

where db= levee depth; centreline depth; wt= total flow width; w p  levee width, a= slope; p= lava density; 
g= acceleration due to gravity. Equations (1) and (3) were derived by Hulme [3] and equation (2) is similar to the 
equation describing terrestrial glaciers [4]. If the observed flows can be treated as Bingham plastics, then the 
three equations should give the same value of yield saength for a specific flow. However, the paper by Moore et 
al. [I] highlighted the dEicuIties of obtaining yield strengths in real life situations. They applied the three 
equations to a number of terrestrial, martian and lunar flows and their results show signifilcant discrepancies in 
most cases in the yield strengths deduced - up to an order of magnitude. A very large proportion of flows had 
values from equation (2) that were lower than values from (1) or (3). An analysis of the source of this 
discrepancy is therefore necessary. 

In equation (1) the errors will have arisen largely from the measurement of depth. On a slope, flow will 
commence when a critical depth of lava has accumulated such that the basal shear stress due to its downslope 
weight component just exceeds the yield strength. Hulme [3] thus predicted the formation of levees, and it is the 
levee depth that should be involved in equation (1) rather than the centreline depth of the channel flow that was 
used by Moore et aL Thus their calculated values of yield strength from equation (1) will be consistently too 
large. 

Equation (3) raises the problem of levee width measurement This equation is only valid for initial levees 
resulting from the Bingharn property of lava However, it is entirely possible that overflow, accretionary or 
rubble levees may form [q, leading to an overestimation of levee width. Yield strengths found from equation (3) 
will therefore be consistently too large. This, however, is impossible to quantify without observation of the 
formation of the flow. 

Equation (2) involvq the total flow width and channel depth, which should both be fairly well defined 
when using stereoscopic techniques. Thus values calculated from equation (2) should be more accurate, with 
those from (1) or (3) being too large, as appears to be the case. 

W~th the martian flows other problems arise. First, the lack of suitable resolution stereoscopic coverage 
meant that the shadow method of depth calculation was used, and at intermediate solar elevations the parabolic 
profile of Bingham flows would cause these depth values to be substantially smaller than the centreline depth. 
Therefore, yield strength values from both equations (1) and (2) would be too small. Second, the poor 
topographic coverage would yield poor slope values. Indeed, more recent radar data show slopes in the Arsia 
Mons region to be up to a factor of five larger than previously obtained [a. This increases yield strength values 
obtained from equation (1) and (3). 

In order to remedy the overestimation of depth in equation (I), the welldocumented 1969 Kilauea flows 
were examined. It was found that using reasonable values of effusion rate and lava viscosity, levee depths could 
be calculated from Hulme's theory of lava rheology by treating the depths of Moore et al. as centreline depths. 
These levee depths gave yield strengths 0.2 to 0.8 times the original values. These concur extremely well with 
the equation (2) values indicating (i) that equation (2) yields the most accurate values for all terrestrial and lunar 
flows studied, and (ii) that equation (1) is just as accurate when the correct depths are used. 

In treating the Mars flows, the sun's elevation and the expected parabolic flow profile were used to find the 
centreline depth and hence predict the yield strength. This produced much higher yield strengths than obtained 
from equations (1) or (3), and predicted levee depths larger than measured centreline depths! Two possibIe 
explanations that initially come to mind are that the central channels drained of lava when the vent supply shut 
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down or that the Bingharn model flow profile does not apply on such large scales. Further analysis is needed, 
but it is clear that m e  yield strengths are likely to be somewhat larger than those deduced by Moore et aL from 
equation (1). However, the new, larger slope values that we are now using will in any case ensure that the yield 
strengths computed from equations (1) and (3) will be much larger than those quoted by Moore et al. This shifts 
the martian data points up and to the right on the slope-yield strength diagrams of Moore et al. (see Elg. 1). It 
will be seen that the overall effect of our re-analysis of the Mwre et al, data is to reduce a l l  terrestrial and lunar 
yield strength estimates and to raise the estimates for martian flows into a range comparable to that for terrestrial 
and lunar basaltic flows. The slope-yield strength correlation, the original cause for concern, is greatly reduced. 
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-1.: Yield strengths of planetary lava flows plotted as a function of the slope of the underlying terrain. 
Arrows represent martian flows - anow head is value corrected on the basis of new slope estimates (see text), tail 
is value from Moore et al. Diamonds are lunar flows, circles are terrestrial rhyolites, upright triangles are ML 
S t  Helens andesites, squares are ML Shasta andesites, inverted aiangles are Hawaiian basalts; fdled shapes are 
corrected values, open shapes from Moore at aL 

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


