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Flood basalts, such as the Columbia River Basalt Group and the Deccan Traps on Earth, young 
flows in Mare Imbrium on the Moon, the Cerberus Formation on Mars, and Mylitta Fluctus on Venus 
are impressive accumulations of basaltic lava, on the order of 105 km3. The conventional view is that 
these flow fields formed at enormous eruption rates, up to lo3 km3/day [e.g., 1,2]. Such catastrophic 
eruption rates would have enormous effects on planetary atmospheres. However, as shown by S. Self 
and co-workers [3,4] evidence is accumulating that large basalt provinces on Earth were emplaced at 
much more modest eruption rates. The main line of evidence is that flood basalts contain features 
common in terrestrial pahoehoe flow fields, which are known to form at relatively low eruption rates 
(< 10-~km3/da~ [5]). This paper presents independent evidence based on the fractal properties of 
large lava flow fields on the Moon, Mars, and Venus that supports the revised view of flood basalt 
emplacement. Specifically, the margins of many large planetary flow fields have fractal dimensions 
similar to those of pahoehoe lava flows, implying that they formed by similar emplacement 
mechanisms. 

Fractal dimensions and emplacement mechanisms of a'a and pahoehoe 
We have shown that the margins of terrestrial basaltic lava flows are fractals in the range 10 

cm to over 2 km [6,7]. Furthermore, a'a flows have systematically lower fractal dimensions (a 
measure of how convoluted a margin is) than do pahoehoe flows (I 1.09 for a'a and 2 1.14 for 
pahoehoe). Being able to make this distinction is far more important than distinguishing remotely 
between these two lava flow morphologies. The margins reflect the internal dynamics of the flows. 
Thus, the nature of lava flow margins inform us about the emplacement mechanisms of lava flows. 
There is now strong evidence that emplacement of pahoehoe lava flows involve inflation and lava-rise 
mechanisms [8,9]. The lava moves from the vent to the margins and flow front inside an insulating 
carapace, in either tubes or broad sheets. This allows the formation of large, voluminous flow fields at 
low, but long lasting, effusion rates. In contrast, a'a flows surge across the surface with significant 
portions of them incandescent, hence losing heat rapidly. Thus, one would predict that flood basalts 
ought to have fractal dimensions like those of a'a flows (I 1.09) if they formed at enormous effusion 
rates, as conventionally thought. On the other hand, if flood basalts were emplaced at low effusion 
rates involving complex internal dynamics, then their margins ought to be more like those of pahoehoe 
lava flows, with fractal dimensions 2 1.14. This has implications for the effusion rates during 
eruption: As noted above, for Hawaiian basalts, a'a forms at rates > km3/day, whereas 
pahoehoe forms at lower eruption rates. (The transition is not really quite so sharp.) If the typical 
vent is about 10 m long, this suggests that pahoehoe-type emplacement mechanisms require effusion 
rates of < km3/day per meter of fissure. The margins of terrestrial flood basalts are not 
preserved, but there are numerous large, flood-basalt scale flow fields on other planets, allowing us to 
measure fractal dimension and assess their emplacement mechanism. 

Fractal dimensions of large planetary lava flows 
Ihe Cerberus Formation, Mars. Plescia [10,11] has marshaled convincing arguments that the 

Cerberus Plains in southeastern Elysium and western Amazonis are volcanic. They cover an area of 
1.5 x lo6 km2 and have volumes of at least about 3 x lo5 km3 [I 11. Available images do not allow 
estimation of the volumes of individual flow units. A preliminary analysis of the northeast distal end 
of the Cerberus Formation indicates a fractal dimension of 1.17, in the range observed for pahoehoe 
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emplacement styles. Plescia has noted that the western part of the field has characteristics akin to 
"plains style" volcanism [12]. Good examples are found in the Snake River Plain, Idaho. These are 
pahoehoe flow fields, and the one we have analyzed (Hell's Half Acre) has a fractal dimension of 
1.21. Thus, our data and other observations of Cerberus lava flows suggest they were emplaced by an 
inflationdominated mechanism at relatively low effusion rates. 

Youngflows in Mare Imbriwn, the Moon. The Moon has few visible lava flow margins. 
Fortunately, the most well-preserved margins are of the relatively young lava flows (about 2.5 to 3.0 
Gy) in southwestern Mare Imbrium [13]. These are extremely long lava flows, extending up to 1200 
km from their sources. The minimum volume erupted during the 0.5 Gy time interval was 4 x lo4 
km3 [13]. Using the flow model applied the Columbia River basalts [I], Schaber [13] and Schaber et 
al. [14] calculated that the emplacement of the Imbrium flows as incandescent masses roaring across 
the lunar surface took place at eruption rates of about lo2 km3/day. However, our measurement [6] of 
the margins of the Imbrium flows indicate that they have fractal dimensions of 1.20, in the pahoehoe 
range. This suggests that we should examine the alternative idea that the Imbrium flows were 
emplaced at more modest eruption rates. For a 20-km long fissure [13], this suggests an eruption rate 
of about 2 x 10-3 km3/day, five orders of magnitude less than calculated by the Shaw and Swanson [I] 
model. In turn, this means that a given eruptive event lasted lo5 times longer. In the case of the 
Imbrium flows, this implies an eruptive event lasting up to 1000 years. However, given the low 
viscosities of lunar lavas and the critical relation between viscosity and shear rate needed to transition 
from a'a to pahoehoe, the event may have lasted only a century, or 10 times longer than the current 
eruption at Kilauea. 

Flowfields on Venus. We have measured the fractal dimensions of 13 large-volume lava flows 
on Venus. All but two have fractal dimensions > 1.15. This suggests pahoehoe-like emplacement 
characteristics, consistent with radar observations [15]. On the other hand, the two exceptions (fractal 
dimensions of 1.04 and 1.09) are in Mylitta Fluctus, which appears to be a flood basalt province [16]. 
This may indicate that some large-volume flows do, indeed, form at high effusion rates. 

Implications 
The geometry of the margins of Cerberus and Imbrium flow fields suggests emplacement by an 

inflationdominated mechanism. This supports the Self et al. [3,4 ] hypothesis stemming from field 
observations that terrestrial flood basalts were emplaced that way, rather than as huge lava flows 
erupted at enormous rates. This is a case where comparative planetary science clearly contributes to 
understanding a terrestrial geologic problem. This interpretation may also be significant for 
understanding the petrology (e.g., crystal size distributions, extent of phenocryst accumulation, vesicle 
distributions) of samples of lava flows from the Moon and Mars. 
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