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At present, the remote sensing techniques constitute the principal means 
through which the physical properties of the planetary surfaces are determined. 
One such technique, designed to provide a rough compositional classification 
of volcanic flows was proposed by Hulme (1,2). Compared to most other remote 
sensing techniques that follow the same objective, Hulme's procedure is unique 
in that it utilizes the information contained in the imaging data rather than 
analyzing the data covering other spectral bands. The purpose of this work is 
to modify Hulme's technique in view of the objections raised against one of its 
main assumptions (3), and to introduce the flow length as a parameter possibly 
reflecting the lava composition. 

Hulme postulated the spreading lava to behave as a non-Newtonian Bingham 
fluid. Central to understanding the motion of a Bingham fluid is the concept of 
the yield stress(lY3,4).'The shape of the flow..is related to the conditions 
under which a flow is produced. These initially specified conditions are the 
volumetric effusion rate, the slope,the lava properties of plastic viscosity, 
yield stress',gravity, and density.'If values for slope and viscosity are 
available it is possible to estimate the effusion rate which gave rise to the 
flow. If the bank width can be measured and the slope is known then the yield 
stress of the lava may be estimated'. Since 'yield stress is related to the 
composition of a lava, tending tohighervalues as the silica content increases, 
..it is possible to use measurements of flow shape as indicators of lava com- 
position if the slope of the ground is known1(2). 

Apart from the possibly unsubstantiated hypothesis concerning the Bingham 
nature of lava (3), Hulme's method rests on the assumption that the yield 
stress is an intrinsic characteristic of a lava of a given composition. Further- 
more,application of the method to the calculation of the effusion rates assumes 
that the viscosity of the melt at the time of eruption is known or can be guess- 
ed. As to the first assumption, Moore et al. (3) demonstrated that the yield 
stress is probably a stronger function of slope than of composition and thus 
the lava type cannot be unambiguously inferred from the calculated yield stress 
alone. As to the second assumption, an arbitrary choice of a numerical value 
for the lava viscosity predetermines the outcome of the inquiry. Evidently, 
there is a need to introduce some other quantity accessible to remote measure- 
ment, that is related to the lava composition and that might aid in limiting 
the allowed range of the melt viscosities. This parameter is the flow length. 

Walker (5) estimated the average effusion rates for a total of 41 volcanic 
flows and plotted the flow lengths vs. the effusion rates. In the log-log format 
the data points disperse seemingly randomly. Therefore suggestions have been 
advanced that the lengths of the lava flows are independent of composition and, 
considering the Mt. Etna flows alone , are a linear function of the effusion 
rates (6). Separating Walker's data into groups with a higher and lower Si02 
proportions, the following least-squares power law el tions between the 5 -8, flow lengths (x, in km) and effusion rates (E, in m s are obtained: 

(1) x=2.60E 0 * 4 6  basalts 

(2) x=2.67E 0'32 basaltle andesites, .i~ndesites/dacites 

Significance of these results is as follows: (a) If the lava flow lengths were 
linearly proportional to the effusion rates, the exponents in Eqns (1) and (2) 
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would be equal to unity. Since they differ from unity, tle lava flow lengths 
in Walker's compiliiition are not linear functions of the e :fusion rates; (b) 
Thepowerlaw fit may parallel the direct proportionality when the effusion 
rates are small. However, large increments in the effusion rates result in the 
diminishing increments of the flow lengths. In this way, the Eqns (1) and (2) 
reflect the environmental control over the flow lengths (E. g., the downslope 
decrease in the topographic gradient, ponding, cooling, etc.); (c) Values for 
the exponents differ for the silicic and subsilicic lavas. The difference is 
substantial enough to conclude, in contrast to the previous interpretations, 
that Walker's data do indicate the flow lengths to be a function of composi- 
tion. Given the same effusion Jjatf, the basaltic lavas reach farther afield. 
At the effusion rate of E=60 m s (Mt. Agung, 1963; the largest silicic effu- 
sion rate in the sample), the average length of a basaltic flow would be by 
77% larger than the length of a silicic flow of the same effusion rate. 

Availability of the Mars radar topographic' data (7) allows more accurate 
determination of the yield stress values for the flows 3, 4, and 7 identified 
by Moore et al. (3) over the S flanks of Arsia Mons. Using those values and 
viscosities quoted by Hulme (1) for the Parfcutin, Mauna Loa, Mt. Etna, and 
Mare Imbrium flowswehave determined a suite of effusion rates that might have 
produced flows 3, 4, and 7. Assuming the flow lengths to range between 100 and 
300 km, and employing Eqng (1)-fni1(2), the following observations can be made: 
(a) The choice of 1.6~10 kg m s (padcutin) for viscosity does not repre- 
sent the rheologies of the flows 3, 4, and 7. The flows 3 and 7 are almost cer- 
tainly not basaltic andesites of the padcutin type (SiO = 53-58% (5) ) . There 2 is an outside chance that flow 4 might be of basaltic composition, with the 
stated pl stic v sc si y; (b) Flows 3 and 4, with the eruption rates on the or- 2 3 9 - 1  der of 10 to 10 m s appea t belong to the Mauna Loa basalts family if the 

5 -f-Y quoted value of 1.7~10 kg m s is to be takfn 9s fepresentative of the Mauna 
Loa flows. Effusion ratesl op the order of 10 m s- coupled with the plastic 

5 - 
viscosity of 1.7~10 kg m s are not likely to have been capable ~f producing 
flow 7; (c) Flows 3 and 7 could fit into +he categorz gf yilicic lavas if those 
were characte ized-py-yffusion rates on the order 10 m s- and plastic viscos- 5 ity of 1.3~10 kg m s (Mt. Etna) and if Eqns (1) and (2) can be assumed to 
be valid outside the range of the effusion rates for which they were construct- 
ed: (d) Because of the extremely long calculated flow lengths, none of the 
flows 3, 4, and 7 are likely to be basal s of he Imbrium flows type repre- 5 -E. -1 
sented by the plastic viscosity of 1.0~10 kg m s . Just as the extreme case 
sub (a), so can this observation be supported by arguments based on the observ- 
ed morphology of the flows. 

The reported exercise has been of an exploratory nature. Essential sound- 
ness of the approach has been demonstrated by the fact that a tentative clas- 
sification of a few selected Arsia Mons flows has been accomplished without a 
recourse to the yield-stress/silica-content relation and by an additional fact 
that morphologically unlikely classifications have been rejected. More work is 
needed, particularly in compiling the field data in support of Eqns (1) and 
(2). Also, a rigorous rule for interplanetary scaling of Eqns (1) and (2) has 
to be formulated. 
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