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SCALE-DEPENDENT CHARACTERIZATION OF VOLCANIC FLOW 
MARGINS; G. Michaels, R. Greeley, E. Lo, Dept. of Geology, Arizona State University, 
Tempe, AZ 85287-1 404 

Summary. Flows associated with volcanoes such as lava flows, pyroclastic flows, lahars, 
and debris avalanches can be characterized quantitatively by the planform shapes of their margins. 
Both qualitative and quantitative evidence supports the concept that flows have characteristic 
sinuousities from small scales up to their general planform shapes. In many cases this is a function 
of flow strength, viscosity, and underlying topography. Other variables are involved in the case of 
lahars, pyroclastic flows and debris avalanches. We have developed an algorithm that determines 
the relative degree to which each scale of margin curvature contributes to the total margin length. 
Our results reveal general morphologic trends which allow us to differentiate between certain 
volcanic flows including types of lava flows. This method has potential for identifying planetary 
flows, mapping volcanic flows on Earth, and understanding the mechanics of flow emplacement. 

Background. Previous attempts to quantify planform morphologies of flow deposits have 
focused primarily on lava flows. Lava flow lengths have been used to infer effusion rates and 
durations [I], lobe widths have been related to lava silica content [2], and fractal analyses of lava 
flow margins have been used to distinguish lava flows of different rheologies [3]. One study, not 
concerning lava flows, quantifies flow-like Martian crater ejecta blankets by degree of sinuousity to 
infer ejecta water content [4,5]. 

Other than a qualitative assessment of differences in flow shape, there is some evidence that 
the minimum radius of curvature of a flow margin is inherently related to the flow strength and 
surface slope, if flow density and gravity are constant. It has been proposed that a critical radius 
exists for a dome on a slope before that dome becomes a coulee or flow [6]. Using this 
approximation with a knowledge of topographic slope, the minimum radii of curvature on a flow's 
margin should reflect a strength limitation on the formation of smaller convolutions. Knowledge 
of such a strength limitation would be helpful in understanding the flow rheology. 

Methodology. Small scale air photos were obtained for terrestrial basalts, andesites, 
dacites, rhyolites, pyroclastic flows, lahars, and debris avalanches. Flows were selected that are 
relatively pristine, unconfined by valleys and free of large obstructions. Pyroclastic flows and 
lahars were imaged soon after their emplacement because they are easily eroded. The margins of 
these flows were then digitized before being read through our algorithm. The algorithm measures 
the total margin length, searches for points that define a curvature smaller than a given critical 
radius of curvature, and then smoothes out those curves. It then re-measures the total length and 
starts the process over, this time with a larger critical radius of curvature. Figure la  is a schematic 
representation of several iterations of margins, each generated with a minimum radius of curvature 
threshold. 

The output file consists of total length paired with radius of curvature. The log-log plot of 
these two values is an expression of how much each radius of curvature contributes to the total 
margin length (Fig. lb, 2a-d). Note that the uppermost portion of the curve reflects the original 
data set most reliably, while the lower underlying lines are a product of the method we use to 
determine radius of curvature. Values for large radii of curvature reflect the large-scale planform 
shape of the flow, while small radii of curvature values reflect small convolutions and thin digitate 
fingers. 

Analysis. A preliminary assessment suggests that there are certain general characteristics of 
flow planform morphologies indicated by these plots. A plot slope at a given radius of curvature 
reflects the relative abundance of convolutions for that radius of curvature. Analysis of the plots 
shows that flows such as rhyolites (Fig. 2c) and dacites, which lack small convolutions, have 
relatively flat signatures at low radii of curvature. 
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Basalts (Fig. lb, 2a) have moderate slopes for small radii of curvature with pahoehoe lavas 
showing very steep plot slopes at the lowest radii of curvature recognizable by our 
algorithm. The degree to which a flow is elongate or digitate also effects the plot slopes. 
Typically, long fingers or digitate lobes are reflected by very steep or vertical plot slopes. Such 
signatures are found to correlate with small andlor large scale radii of curvature for lahars (Fig. 2d) 
and digitate lavas. These results demonstrate the potential utility of the algorithm for identifying 
flow types. 

As we collect more examples, plots will be examined in greater detail for trends that 
characterize certain flow types. Our algorithm's capability will be extended to view smaller scale 
convolutions and refined so that plot slope can be related more precisely to radii of curvature. With 
this information we would be able to determine the existence of any critical radii of curvature, 
testing the relationship derived from [6]. With more rigorous values we intend to better understand 
the mechanics of emplacement of flows. For example, how do lava shapes depend on strength, 
viscosity, and cooling rates? Can we learn more about the emplacement of lahars and pyroclastic 
flows from the distribution of their deposits? We will attempt to more easily recognize types of 
flows and have a better understanding of their emplacement processes. 
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Figure I .  (a)  The digized outline of a p a b e b e  basalt flow, Mauna Ulu, Hawaii with overlain curves generated 
from the original data set but characterized by differing degrees of minimum threshold radii of curvature. 
(b)  Radius of curvature verses total margin length for the flow. 

Figure 2. The digitized outlines and respective plots for (a)  an aa basalt flow, Mauna Ulu, Hawaii; (b)  an andesite 
jlow, Mount St. Helens, Washington ; (c)  a rhyolite flow, South Sister, Oregon; and (d)  a lahar jbw,  Mount St. 
Helens, Washington. The axes and units mimic the plot in figure 2. 
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