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Magellan images of Venus reveal a wide array of volcanic landforms. Some of these are similar to those 
observed on Earth, whereas others are unique within the solar system. Among the latter are canali, long (>I000 
km), sinuous, relatively narrow channels (-3 km) with almost constant width along their lengths; and "pancake 
domes", circular, steep-walled features >25 km in diameter. Similarly, Venusian lava flows commonly approach 
1000 km in length--much longer than typical terrestrial lava flows. The uniqueness of the venusian lava forms has 
prompted workers to propose that exotic or evolved lava compositions were responsible for their formation. For 
example, carbonatite or sulfur flows have been suggested as the formational agents for Venusian canali [I ,  21, and 
others have suggested that the pancake domes are composed of rhyolitic lavas [e.g., 31 or extraordinarily frothy 
basalts [4]--even though it is difficult to explain how such large volumes of exotic or evolved lava could have been 
generated on Venus, especially in the absence of Earth-like plate tectonics. However, it is not only possible, but 
likely, that all of these venusian lava morphologies can be explained through the interaction between large volumes 
of basaltic lava and the dense, thick, hot venusian atmosphere. 

Lava flow morphology is controlled by a complex interplay of variables, including lava composition, rheology, 
eruption temperature, pre-existing topography, effusion rate, erupted volume, cooling rate and the rate of crust 
growth. If lava composition is known, many of these variables can be constrained. Data obtained from Venera and 
VEGA landers [5] suggest that tholeiitic basalts exist on Venus. Thus, we assume that all observed venusian flow 
morphologies are generated through the emplacement of basalt (tholeiitic, calc-alkaline, or possibly even a lunar- 
like, high-titanium basalt). We then apply a series of thermal and fluid dynamical models to determine the eruption 
conditions required to produce the observed flow types, and compare these results to terrestrial basaltic eruptions to 
assess the reasonableness of our findings. Here, we discuss two "end-members" of venusian flow types: canali and 
pancake domes. 

Canali may be the result of thermal andlor mechanical erosion, the expression of drained and collapsed lava 
tubes, or some combination of the two [e.g., 1, 61. If canali formed exclusively by thermal or mechanical erosion, 
large volumes of an exotic lava are required [I, 21. If, however, the canali are collapsed and drained lava tubes, 
basaltic lava could have generated these features, much the way that lava tubes and channels are developed on Earth. 
It has been shown [6] that basaltic lava grows a crust much more rapidly on the surface of Venus than on the surface 
of Earth, because the Venusian atmosphere convectively cools the flow surface, acting almost the way seawater does 
on Earth. However, the crust on a venusian flow is likely to be thinner, and to grow at a slower rate, than the crust 
on a similar terrestrial flow because of the higher ambient temperature on Venus. Once a crust forms on a flow 
surface, the flow interior is effectively insulated from further heat loss, allowing a crusted-over (or "tube-fed") flow to 
advance farther than a similar uncrusted flow [6,7]. Furthermore, the rate of cooling within any lava tube decreases 
rapidly along the length of the tube, giving even typical Hawaiian-like tube flows the potential to attain lengths of 
several thousand kilometers before solidifying (Fig. 1). These lengths are not observed in Hawaii because the tubes 
inevitably reach the sea and are disrupted. 

Thermo- and fluid-dynamical modeling of terrestrial lava tubes suggest that tube formation requires a relatively 
low (-1-5 m3/s), steady effusion rate and a long-lived eruption [8]. Models based on laboratory simulations of lava 
flows suggest that a venusian tube-fed flow would require an effusion rate of <10m3/s, consistent with the values 
presented above [9]. At these rates, the canali were probably active for hundreds of years, which, although longer 
than typical Hawaiian episodes, is not unrealistic when compared to the emplacement of continental flood basalts 
[e.g., 101. During t h ~ s  time, the process of thermal diffusion would have caused some thermal erosion near the vent, 
at a rate of a few meters per year within 100-200 km of the vent (depending on the total flow duration and effusion 
rate), suggesting that canali should be several tens of meters deeper near the vent than distally. This process of 
thermal erosion does not require a high eruption rate, merely a steady, long-lived one. Thus, the canali were formed 
as a channelized flow quickly crusted over while it advanced at a relatively slow rate. After vent activity ceased, lava 
drained out of the channel, causing the overlying relatively thin crust to collapse. 

The superficial resemblance between venusian pancake domes and terrestrial rhyolite domes has been noted 131. 
However, the surface of terrestrial rhyolite domes is much rougher than the surface of venusian domes [l 11, and the 
planforms of the venusian pancakes are much more circular than terrestrial rhyolite domes, and this pronounced 
circularity suggests that the Venusian domes were emplaced through a continuous, steady extrusion [12]. 
Furthermore, the surface crust of the domes must have remained sufficiently plastic during the period of lava 
extrusion so that the crust did not significantly fracture and result in exogenous dome emplacement. Thus, for 
basalts to have generated these domes, there must have been a balance between the rate of extrusion and the rate of 
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crust growth (Fig. 2). Fink and Griffiths [13] demonstrated how to relate these parameters, and Gregg and Fink [9] 
have applied this method to constrain the effusion rate of venusian lava flows. To keep pace with this rate of crust 
growth, the extrusion rate for the venusian pancake domes must have been on the order of m3/s, assuming a 
lava viscosity of lo2 Pa-s. By increasing microphenocryst content of the lava to almost 40%, lava viscosity 
increases to lo4 Pa-s, and thus the required effusion rate must be <lo-' m3/s. While low, these values are in line 
with those observed for terrestrial pahoehoe flows, as well as those calculated for submarine pillowed flows [13]. An 
alternative model, presented by Sakimoto and Zuber [14], assumes that crust plays an insignificant role in 
controlling the final shape of the dome. They conclude that a basalt with 10 - 20 vol% crystals with cooling-induced 
viscosity increases like those measured for Hawaiian basaltic eruptions could generate the venusian pancake domes. 

Although we are not suggesting that exotic or evolved lavas cannot be generated on Venus, they should be 
invoked with caution. We have shown that basaltic lavas, within terrestrial ranges of viscosities and eruption 
conditions, can generate two of the most unfamiliar lava flow types--canali and pancake domes--observed on the 
surface of Venus. Thus, it may be possible to explain most, or even all, of the venusian volcanic features as 
products of basaltic eruptions. More evolved lava types may not be necessary, unless other volcanic features are 
observed which are found to be irreproducible by basaltic lavas, or crustal recycling processes believed to produce 
evolved magmas in the requisite volumes (such as terrestrial-style plate tectonics) are found on Venus. 

Distance from Tube Entrance Time after Emplacement 
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Figure 1. (left) Degrees of cooling for lava tubes with 10m, loom, and lkm diameters. Larger tube cools 0.1" in 
5000 km. Assumed initial lava temperature of 1130°C and wall temperature of 1077"C, flow velocity of 0.2 m 
s-l. Details in 181. 

Figure 2. (right) Rate of crust growth for basaltic lava on Earth and Venus. Crust appears first and initially 
thickens more rapidly on Venus; with time, terrestrial basaltic crust becomes thicker. Assumed initial lava 
temperature of 1 150°C, solidus temperature of 800°C. Details in [9]. 
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