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M I M U M  LENGTHS OF CHANNELISED LAVA FLOWS ON EARTH, VENUS AND 
MARS. E.A. ~a r f i t t l ,  L. ~ i l s o n l . 2  and J.W. ~ e a d l .  l ~ e ~ t .  of Geological Sciences, Brown 
University, Providence, RI 02912, Z~nvironmental Science Division, Lancaster University, 
Lancaster, U.K. 

Pinkerton and Wilson [I] developed a model which allows the maximum length of a cooling- 
limited lava flow unit to be calculated. However, as we describe in a separate abstract [2], this 
"maximum" length is not the actual maximum distance that a lava can travel from its vent. When 
the front of a flow unit stops advancing due to cooling the lava behind the flow front is still much 
hotter and more fluid than that of the flow front itself and thus this lava can form breakouts which 
can further advance the flow field. However, as some cooling of this hotter lava must occur 
during its transport from the vent, there still must be an upper limit on the distance that this lava 
can travel before it cools to the point where it can no longer move, i.e., there is a limit to the 
number of times lava can breakout from the front of each cooling-limited lobe. We have 
developed a model [2] which calculates this maximum length for a range of different starting 
conditions. Here we discuss the different behaviours which are expected on the basis of the 
different ,gravities and different ambient temperatures on Earth, Venus and Mars. The rheological 
and physical parameters of the lava are the same as those used in [2] and we use accelerations due 
to gravity of 9.81, 8.60, and 3.72 m/s2 for Earth, Venus and Mars respectively. Corresponding 
ambient temperatures for the three planets were taken as 30, 460 and -30 OC, respectively. 

Results: As found by previous authors [3-51 the absolute lengths of lava flows on the three 
planets vary systematically due to the difference in gravity and ambient temperature, Mars 
producing far longer flows than Earth or Venus for the same initial conditions due to its low 
gravity, and Venus generally producing slightly longer flows than Earth due to its slightly lower 
gravity and much higher ambient temperature. However, it is not the absolute lengths of the lava 
flows with which we are concerned here but the number of breakouts which can occur during the 
emplacement of an individual channelised flow. As we have discussed separately [2], for the 
Earth we found that for all but the hottest flows no flow can grow to a length more than 3 times 
the length of the initial cooling-limited lobe (the length calculated using equation 6 in [I]). Very 
hot flows can grow to up to 4 times their initial length. For Venus we find that most flows can 
grow to be up to 4 times their initial cooling-limited length, with the hottest lavas (1250 OC) 
reaching a maximum length of 5 times the initial length. The situation for Mars is closer to that of 
the Earth, with maximum flow lengths up to 3 times the initial length. Again the hottest flows 
and, in addition, the highest levCe yield strength flows, can grow to 4 times their initial length. 
These results for each planet are independent of the absolute lengths of the flows: thus, the Mars 
flows are the longest in absolute terms but do not grow to more than 3 times their initial length 
whereas the shorter in absolute length Venus flows can reach 4 times their initial length. The 
greater number of breakouts on Venus is a direct result of the slower overall cooling of the lava 
flows due to the high atmospheric temperature. 

Discussion: Our modelling of the emplacement of successive breakouts of cooling-limited 
flows shows that there is indeed a well-defined upper limit on the number of breakouts which can 
occur before any further forward motion becomes impossible due to cooling. We found that for 
Earth and Mars flows can rarely grow to greater than 3 times their initial cooling-limited length, 
whereas on Venus the slower cooling of the flows allows them to grow to typically -4 times their 
initial length. 

Initial analysis of flow fields on Venus show evidence for maximum flow lengths around 
edifices a factor of 2-3 times typical values and multiple peaks in flow length distributions [ 6 ] .  
Many flows (possibly the majority) never achieve the maximum length because the eruption 
ceases to supply lava to the flow front before the limiting length is reached (i.e., the flow field is 
volume-limited). The flow length data for Venus [6] are consist with this. However, our results 
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do have implications for large volume and/or long duration eruptions: in these cases no flow can 
ever extend further than this maximum distance of 3 or 4 times the basic cooling-limited flow 
length from the vent. If the feeder vent is located on a uniform slope, each flow would be 
expected to be emplaced alongside the previous one; if the topography sloped roughly equally in 
all directions away from the vent, the flows would be arrayed roughly radially around the vent. 
The uniform length and radial array of flows seen on some intermediate-sized volcanoes on Venus 
may represent this kind of behaviour [7]. 

The results also have implications for the development of basaltic edifices. The range of 
eruption rates at basaltic volcanoes is generally limited, and thus for any given edifice a typical 
maximum flow length can be defined and this will influence the slope of the developing edifice, 
short flows leading to steeper edifices. In some Venusian cases, typical flow lengths around an 
edifice can be shown to vary systematically with time [8] and here evolution of the magma 
chamber may be a factor in determining typical flow lengths. Such evolution would thus be 
expected to influence the shape of the edifice as it grows. Edifices on Venus differ from those on 
the Earth by having wider bases and shallower flank slopes [9]. If typical eruption rates on Venus 
are similar to those on Earth this difference could be explained by the greater maximum lengths of 
Venus flows due to the greater number of breakouts which can occur during emplacement and 
also due to the slightly lower gravity. Typically higher eruption rates on Venus than on Earth 
would enhance these effects. 

Finally, our model shows the combination of conditions which will give rise to the longest 
possible flows: these are high effusion rates, high lava temperatures, and shallow ground slopes 
(as long as the flow stays channelised - more nearly radial spreading can dramatically reduce the 
travel distance of flows [lo]). Combining the most extreme of our model conditions gives 
maximum channelised lengths for flows on Earth, Venus and Mars. Using effusion rates up to 
1000 m3/s, these are 3300,4600 and 8500 km, respectively. Bearing in mind that the maximum 
effusion rate used here (1000 m31s) can hardly be considered as very extreme, these results imply 
that the major limit on the distance travelled by channelised lavas is the volume of the eruption, 
not cooling. Thus the great length of sinuous rilles on Venus (maximum length -6800 km 1111) 
and of flows like those in Mylitta Fluctus [12] are consistent with relatively high (but not extreme) 
effusion rates and very large volume eruptions. On the basis of this model it should be possible in 
future to define a minimum effusion rate responsible for the emplacement of such deposits on the 
assumption that they are cooling-limited. 
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