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Introduction. The outlines of a'a and pahoehoe lava flows are qualitatively different: pahoehoe has many 
more embayments and protrusions. Additionally, each flow type looks similar at different scales (i.e., each is 
"self-similar"). These observations motivated this investigation of the fractal nature of lava flows. Fractals are 
sets of objects that look similar at all scales; they are "self-similar" or "scale-invariant" (3). Many geologic 
features are fractals (e.g., rocky coastlines, topographic contours, river networks), and their shapes can be described 
quantitatively by a parameter called the fractal dimension. Our data indicate that flow margins are fractals. This 
has important implications because fractals frequently reflect nonlinear, or chaotic, processes. Furthermore, we 
have found that a'a and pahoehoe flows have different fractal dimensions. Distinguishing a'a and pahoehoe by their 
fractal dimensions may be a useful remote sensing tool, and can lead to a better understanding of planetary 
volcanism: pahoehoe flows are generally associated with low effusion rates and/or relatively fluid lavas, whereas 
a'a formation is favored by high effusion rates and/or viscous lavas. 

Methodology. We calculated the fractal dimensions of lava flow margins from field measurements and 
aerial photographs using the "structured-walk" method (4). In this method, the apparent length (L) of a lava flow 
margin is measured by walking rods of different lengths (r) along the margin. Since smaller rod lengths traverse 
more smaller-scaled embayments and protrusions in the flow margin, L increases as r decreases. A linear trend on 
a log L vs. log r plot indicates the data are fractal. The fractal dimension @) can then be calculated as D=l-m, 
where m is the slope of the linear least squares fit line to the data 

m. This analysis is based on two types of terrestrial data: (1) field studies of lava flows on Kilauea, 
Mauna Loa and Hualalai volcanoes on Hawaii (r: 1 - 16m and 0.125 - 4m) and (2) aerial photographs and 
photogeologic maps of lava flows on Hawaii, Idaho and the Galapagos (r: 20m - 2.4km). We selected lava flow 
margins that are unaffected by obvious topographic controls and avoided flows whose shapes appeared to be 
affected by external controls such as a steep ground slope or pre-existing local undulations. In addition, we 
calculated D of extraterrestrial flows using orbital images of Venus, Mars and the Moon (r: 320m - 60km). 

Results and Discussion. 
1) Lavaflows arefractals. Our data indicate that lava flow shapes are fractals. Figure 1 illustrates typical plots for 
a'a and pahoehoe. Plots of log L versus log r are linear (Fig. l), which demonstrates self-similarity. Combining 
the field (Figs. 2,3) and aerial photographic (Fig. 4) datasets for terrestrial flows, the self-similarity holds for rod 
lengths ranging from 0.125m (field) to 2.4km (aerial photographs). Including the extraterrestrial data (rod lengths 
up to 60 km; see Fig. 5), the fractal nature of lava flow outlines holds for over five orders of magnitude in scale. 

2 )  Implications for lavaflow dynamics. The fractal properties of lava flows can provide insight into the dynamical 
processes operating during flow emplacement. The mere fact that flows have fractal outlines suggests that the 
forces responsible are nonlinear (2). We have begun to investigate the nature of these nonlinear processes (1 5). 

3) New Remote Sensing Tool. Our data indicate that a'a and pahoehoe flows can be distinguished by their fractal 
dimensions, both in the field (Figs. 1,2,3) and from aerial photographs (Fig. 4). Most of the a'a flows have D 
between 1.05 and 1.09. The pahoehoe flow margins tend to have higher fractal dimensions: all have D between 
1.13 and 1.23. Therefore, despite differences in geographic location (Hawaii, Idaho, Galapagos), the paheohoe 
flows consistently have higher D than a'a flows. Moreover, these ranges of D for a'a and pahoehoe flows are 
relatively constant for both field datasets (Figs. 2,3), as well as for aerial photographs (Fig. 4). Transitional flows 
tend to have intermediate values of D (Figs. 2,3). We have applied our analysis to other planetary bodies by 
measuring six extraterresmal flows: three on Venus, two on Mars and a single lunar flow. These data are given 
in Fig. 5. Two of the Venusian flows in Mylitta Fluctus are radar-bright and one (S. of Ishtar Terra) is radar-dark. 
Surface roughness is a major contributor to the radar backscatter signal: rougher surfaces tend to produce brighter 
images. Therefore, one would expect a'a flows, with their rough, clinkery surfaces, to be relatively radar-bright 
and smooth-surfaced pahoehoe flows to be radar-dark. Interestingly, the Venusian radar-bright flows yielded D 
values of 1.04 and 1.09, consistent with the range of terrestrial a'a values, whereas the radar-dark flow has D=1.20, 
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typical of terrestrial pahoehoe flows. These data suggest that a'a and pahoehoe flows on other planets can be 
distinguished remotely by their fractal dimensions. On Mars, we measured two flows in Elysium Planitia One 
of these yields D=1.06, consistent with the range of terrestrial a'a values; the second has D=1.19, well within the 
terrestrial pahoehoe range. In addition, we measured a lunar flow in Mare Imbrium. We calculated D as 1.20, 
which (based on terrestrial analogy) suggests pahoehoe. 

2.a t 
I i Terrestrial Flows: Field Data (r = 1 - 16 m) 
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Figure 1. F i m e  2. 

Terrestrial Flows: Field Data (r = .I25 - 4 m) Terrestrial Flows: Photo Data (r = 20 m - 2.4 km) 
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Figure 5. Fractal Dimension 
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