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Introduction:  Fractals are objects, either real or
mathematical, that look the same at all scales [1].
Bruno et al. [2, 3] established that lava-flow margins
are fractal. They determined that Hawaiian a’a lava-
flow margins have fractal dimensions (D) of 1.05-1.09,
whereas for pahoehoe lava-flow margins, D = 1.13-
1.23. Here, we emphasize that fractal dimensions of
flow margins do not define the surface lava-flow
morphology; but rather reflect flow emplacement style
or mechanism. Furthermore, lava-flow margins are not
fractal at all scales.

Methodology: Using the structured-walk technique
described by Bruno et al. [3] in the field and on air
photos, the fractal dimensions of 7 lava-flow margins
from Kilauea volcano, Hawaii were determined. This
technique involved measuring the margin of a flow by
“walking” rods of different lengths along the flow margin.
The length of the rod used to measure the length of the
margin determined the number of rods needed to “walk”
the margin of the flow. Nine different rod lengths of
0.125 - 16 m were used to measure the flow margins.
Fractal dimensions were determined by plotting the log of
the rod length vs. the log of the margin length. This is
known as a Richardson plot [4]. The slope, S, of the
resulting curve is related to the fractal dimension, D, by
the relationship in equation (1) [5].

                                     D = 1 – S                                    (1)

The same technique was applied to Martian and
Venusian lava-flow margins, using available geologic
maps [6, 7]. Rod lengths ranging from 12.5 - 500 km
were used to measure margins. Maps were imported into
Canvas 7.0 where the structured-walk technique was
accomplished digitally. Fractal dimensions of the margins
were calculated in the same manor as for the terrestrial
examples.

Data: The data were graphed on a Richardson plot
(e.g., Fig. 1), and the fractal dimension calculated.
Table 1 summarizes the calculated fractal dimensions
and correlation values for both terrestrial and
extraterrestrial flows.

Discussion: Fractal dimensions of lava-flow
margins reflect emplacement style. A’a flows are
commonly channeled, or emplaced as a single
continuous lobe, and pahoehoe flows are ordinarily
emplaced as a complex network of interconnected
lobes. A flow with a’a surface morphology may have
had a pahoehoe-like emplacement yielding a fractal
dimension that falls in the pahoehoe range.

Figure 1: Plot of the data from Tyrrhena
Patera, Mars. The fractal dimension for this
margin falls in between the established a’a and
pahoehoe ranges determined by Bruno et al. [3].

Table 1: Fractal Dimension of Lava-flow
Margins                                                                     
Location                    Length*        D             R2            
Earth
Kapoho 1960         116.8 m       1.1805  0.9851
Mauna Ulu 1970         163.8 m       1.0904      0.9473
Mauna Ulu 1972-1       382.5 m       1.2007      0.9639
Mauna Ulu 1972-4       12.7 m         1.0821      0.9722
Mauna Ulu 1972-5       12.1 m         1.0597  0.9178
Mauna Ulu 1974         19.1 m         1.1042  0.9307
Kalapana 1990         123.8 m       1.1354  0.9267
Mars
Elysium Planitia         1369 km      1.0831  0.6206
Tyrrhena Patera         828 km        1.1281  0.8150
Venus
Strenia Fluctus         1528 km      1.1997  0.6538

*Length = maximum length of margin measured, D = fractal
dimension, R2 = correlation coefficient                                     

For example, although the surface of the 1960
Kapoho, Kilauea volcano, Hawaii, flow clearly
displays an a’a morphology, the margin yields D =
1.1805; R2 = 0.9851. The D value falling within the
pahoehoe range strongly suggests that this flow was
emplaced via a complicated lobe network [8].

Similarly, margins of individual channeled pahoehoe
lobes within the 1972 Mauna Ulu, Kilauea volcano,
Hawaii, flow were measured. Measurement of a lateral
margin of a single pahoehoe lobe gave D = 1.0821

Lunar and Planetary Science XXXIV (2003) 1389.pdf



with R2 = 0.9722; a terminal margin yielded D =
1.0597 with R2 = 0.9178. The fractal dimensions of
both these pahoehoe lobes fall within the a’a range
because they were emplaced as a single, channeled
unit. These examples illustrate the dominance of
internal dynamics of the flow over the surface texture
in generating a lava-flow margin (see Tables 2 and 3).

Table 2: Observed Surface Morphology            
A’a                      Transitional             Pahoehoe     
MU* 1970    MU 1972-1
Kapoho 1960    MU 1972-4

   MU 1972-5
   MU 1974
   Kalapana 1990

*MU = Mauna Ulu                                                                    

Table 3: Predicted Surface Morphology from  
Fractal Dimension Analysis                                  
A’a                      Transitional             Pahoehoe     
MU 1970 MU 1974    MU 1972-1
MU 1972-4       Tyrrhena Patera    Kapoho 1960
MU 1972-5    Kalapana 1990
Elysium                                                  Strenia Fluctus

The fractal properties of lava-flow margins do break
down at some scale; the low R2 value for the Elysium
Planitia, Mars and Strenia Fluctus, Venus (e.g., Table
4) flows is evidence for this behavior. A linear trend on
a Richardson plot indicates fractal behavior or self-
similarity [4]. Deviation from this trend, as seen in
Figure 2, clearly illustrates the breakdown of fractal
behavior.

Table 4: Data for Strenia Fluctus, Venus          
Direction*   Rod Length (km)   Margin Length (km)
Start to Finish

500 956.680
400 778.926
300 1132.303
200 1157.793
100 1279.808
50 1528.561

Finish to Start
500 1146.336
400 961.509
300 832.672
200 984.037
100 1242.168
50 1449.817

* Direction indicates what way the data were collected from
arbitrary start and finish points. Measuring in both directions
increases the accuracy of the data.                                           

Conclusions: The emplacement style of lava-flow
margins controls the fractal dimension. If D = 1.05-
1.09, falling in the a’a range, then the flow was

probably emplaced as one continuous unit with a
“higher” effusion rate.

Figure 2: Plot of the data from Strenia Fluctus,
Venus. While the fractal dimension falls within the
pahoehoe range, the poor correlation of data
suggests that this flow does not exhibit fractal
properties at a larger scale.

If D falls in the pahoehoe range (D = 1.13-1.23) then
the flow was most likely emplaced discontinuously
with a “lower” effusion rate. Consequently, fractal
dimensions should only be used to predict
emplacement style of a flow and not surface
morphology.

Lava-flow margins are not fractal at all scales. At
larger scales the fractal properties of lava-flow margins
breakdown. All three extraterrestrial examples
illustrate this phenomenon. Thus, the use of fractal
analysis on other planets, to determine characteristics
of lava flows at significantly large scales, may not
prove to hold the promise it once had.
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