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Channels on Venus up to 6800 km long and 3 - 5 km wide are revealed in Magellan data 
[I ,  21. These enormous channels, termed "canali" [2], are characterized by long, sinuous 
planforms, high width-to-depth ratios, and relatively constant widths along their lengths [2]. 
Because liquid water is presently unstable on the surface of Venus, it has been suggested that 
the canali formed from turbulently flowing lava with viscosity as low as 0.1 Pa*s which 
thermally and/or mechanically eroded the pre-flow surface 11, 21. Based on their low 
viscosities, komatiite, anhydrous "lunarM-type basalt, carbonatite and sulfur flows have been 
nominated as possible canali-forming lavas [ l ,  2, 31. However, lava flows may construct 
channels while flowing laminarly without eroding the ground rock; for example, lava levees 
may result from the Bingham rheology of lavas [4]. Determining whether the canali result 
from erosion or construction would help constrain the volcanic styles and processes operating 
on Venus, and potentially provide information of the interior. 

Because the melting points of carbonatites and sulfur flows are below venusian surface 
conditions, both lavas would remain liquid on the surface [5, 61, maintaining viscosities of - 1 
Pa*s, until they evaporated or percolated beneath the surface. These lavas would behave on 
Venus as water does on Earth, i.e., collecting in topographic lows and perhaps mechanically 
eroding the surface. However, because canali morphology is markedly different from that of 
terrestrial river channels [2], it seems unlikely that canali are the product of gravity-driven 
mechanical erosion. High cooling rates of turbulently flowing basalts and komatiites suggests 
that these lavas could not maintain turbulence along the length of the canali unless the lavas 
were well-insulated. 

Two approaches were used to determine the likelihood of thermal erosion occumng 
beneath candidate canali-forming lavas. Carbonatite and sulfur flows cannot thermally erode 
the pre-flow surface on Venus and thus were excluded from this part of the study. 

For an instantaneously emplaced, thermally insulated lava flow (e.g., a lava tube utilized 
long enough such that emplacement time is much less than eruption duration), a simple heat 
diffusion model is applied to determine the temperature of various ground rock compositions 
beneath komatiitic and basaltic lavas. Due to relatively elevated venusian surface conditions, 
less time is required on Venus (up to several months) to raise the temperature of the ground 
rock to its melting temperature than is required on Earth (Fig. 1). Although the specific case of 
a lava tube being utilized continuously for several consecutive months is uncommon on Earth 
[7], it may occur on Venus, suggesting that tube formation and long flow durations may be 
facilitated on Venus relative to Earth. 

Raising the ground rock to its melting temperature is inadequate for thermal erosion; the 
heat of fusion must be added for the ground rock to melt. The one-dimensional melting rate 
(the rate of advance of the lava-ground interface) is a ratio of the energy available to the ground 
and the energy required to melt the ground [8]. It is directly proportional to the difference 
between the lava temperature (T) and the ambient temperature (T,), and is inversely 
proportional to the difference between the melting temperature of the ground and the ambient 
temperature. T - T, is much greater on Earth than Venus, suggesting that thermal erosion from 
a thermally mixed (i.e., turbulent) flow is more efficient on Earth than on Venus (Fig. 2). 
Therefore, thermally eroded lava channels should be longer or deeper on Earth than on Venus 
for similar flow parameters, suggesting that thermal erosion did not form the canali. As a 
control, this model was applied to basaltic lava emplaced on carbonatitic ground rock, and the 
resulting ground rock melting rate is higher on Venus than on Earth. This is expected because 
carbonatite remains liquid on Venus, but solidifies on Earth. 

Morphology of the venusian canali suggests that gravity-driven mechanical erosion by a 
low-viscosity fluid (such as carbonatite or sulfur flows) is not likely to be solely responsible 
for canali formation. Thermal modelling of komatiitic and basaltic lavas suggests that these 
lavas are unlikely to maintain turbulence for the enormous distances required. Thermal 
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diffusion into the ground beneath an instantaneously emplaced, thermally insulated lava flow is 
more efficient on Venus than on Earth. Thermal erosion via diffusion requires tube-fed flows 
with long eruption durations, suggesting that both may be enhanced on Venus relative to Earth. 
However, thermal conduction from a cooling lava flow to the ground is more efficient on Earth 
than on Venus, implying that this is not the canali-forming mechanism. Thus, lava tube 
formation is enhanced on Venus (implying that the canali are collapsed lava tubes) and/or the 
canali were not formed by thermal erosion, but are the result of constructional processes. 
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Figure 1. Tcmperaturc of basaltic rock beneath an instantaneously emplaced, thermally insulated basaltic lava at 
various times after emplacement. Dashcd lincs indicate Venus, solid lines indicate Earth, and depth in meters 
indicates distance bclow ground-lava interface. Note that ground rock melting temperature (- 1435 K) is 
achieved at a greatcr depth on Venus than on Earth for a given time period. 
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Figure 2. One-dimensional mclting rate (rate of advance of the ground-lava intcrfacc) of basaltic ground rock 
bcncalh a basaltic lava one mcter away from the source of lava flowing at various velocities. Dashcd lincs 
indicate Venus, solid lines indicate Earth, and temperature indicates lava temperature. Note that the melting rate 
is higher on Earth than on Venus, due m greater efficiency of heat conduction on Earth. 
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