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Magellan images of Venus reveal that the surfaces of most lava flows within fields of 
digitate and sheet-like morphology [I] may be quite smooth and comparable to pahoehoe textures, 
slab flows and smooth pavements, or to degraded and mantled aa and pahoehoe flows. Many of 
the channel-fed flows with a relatively high radar backscatter coefficient seen in the digitate flow 
fields may have roughnesses comparable to aa and block flows. These observations stem from a 
comparison of the radar backscatter coefficient of aa and pahoehoe flows on Hawaii [2], and 
degraded and mantled aa and pahoehoe flows [3,4] with Venusian flows (Fig. 1). For incidence 
angles above about 30 degrees, changes in backscatter are primarily attributed to variations in the 
surface roughness of the lava flows. Flows of markedly low backscatter, which occur at the 
margins of and on some radar bright flows on Venus [1,5], may have exceptionally smooth 
pavement-like surfaces. These radar-dark flows are unlikely to represent degraded flows of 
rougher original texture, as they are younger than the associated radar-bright flows which have 
roughnesses comparable to fresh aa. These radar-dark flows may be formed by late stage breakout 
of lava from the margins of the radar-bright flows. 

In addition, images from the Venera lander craft [6,? show volcanic surfaces not unlike the 
slabby surfaces that develop on basaltic lava lakes on Earth, together with variable amounts of fine 
material. This material may have been weathered from the surrounding flow, or alternatively it may 
have been formed by granulation of lava [8] during emplacement of the flow. 

The type of surface texture that develops on a lava flow depends on a number of factors, 
but in particular, for a given rheology, on the thickness of crust and the amount and rate of shear 
the crust undergoes. Thus if a flow comes to rest before a crust has been able to form, the crust 
when it does form will be smooth. This may happen when lava sloshes over the side of a channel 
and comes to rest close to the main flow. The radar-dark marginal breakouts on Venus may have 
been emplaced in this fashion. If a flow continues moving after a thin film of crust is formed, then 
the crust may deform to produce, for example, the typical ropes of pahoehoe texture; many other 
forms may be produced depending on how thick the crust becomes as the flow is moving. If a flow 
continues to move as it cools, then a thicker crust develops and may break up into slabs. Even 
thicker crust breaks up into blocks and clinker to form block lava and aa. 

Put simply, as a result of these relations lava erupted at low effusion rates, so that the lava 
only flows a short distance with low rates of shear on a thin crust, is most likely to produce a 
pahoehoe texture. On the other hand, a fast moving flow inflicts a high rate of shear on the crust, 
once it develops, and an aa surface is likely. 

Thus observations on both Etna [9] and Hawaii [lo] show that low effusion rate eruptions 
tend to produce pahoehoe texture and high effusion rate ones give aa. This, however, cannot be a 
general rule because it depends on when the crust formed. With no crust, no surface texture can 
develop. The growth of a crust depends on the rate of cooling and the shear stress applied to it. 
Close to the vent crust forms continuously but is destroyed by being torn apart and reincorporated 
into the flow. 

In view of these observations, a very high effusion rate flood lava may pond covering 
thousands of square kilometres before any substantial crust could form. The high rate of flow, 
especially if turbulent, would constantly destroy developing crust and the flow would travel great 
distances before it had cooled sufficiently to form a crust. If it came to rest before any substantial 
crust had formed the result could be a pahoehoe smooth glassy surface; or if there was limited 
movement as the crust formed, a slabby surface. This may explain the apparently very smooth 
sheet flows on Venus, such as the radar-dark field associated with Hroswitha Patera (Fig. 1). 

An additional factor on Venus is the high ambient temperature and pressure. The high 
temperature may affect the evolution of crustal textures while the flow is cooling. The high 
pressures will affect gas exsolution which is important in producing scoreacious material. Surface 
textures involving the development of clinker may not occur on Venus in the same way they do on 
Earth; thus normal terrestrial aa may be unlikely. 
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Figure 1. Plot of the radar backscatter coefficient against incidence angle for Venusian and 
terrestrial lava flows. Data for the Venusian flows include the sheet flow field west of Lauma Dorsa 
(4 sites), the radar-dark sheet flow field associated with Hroswitha Patera (5 sites), Neago Fluctus 
(16 sites covering several flows of different backscatter), radar-bright channel-fed flows in a field 
SE of Ozza Mons (9 sites), and radar-dark flows at the margins of the radar-bright flows SE of 
Ozza Mons (4 sites). In order to compare the Magellan data with AIRSAR data of terrestrial flows, 
the Magellan data, which are scaled using the Muhlemann backscatter model [ll], were converted 
to backscatter coefficient. For each Magellan site, the average backscatter coefficient of a box of 
10,000 pixels was determined and converted to decibels. Magellan Cycle 1 data was used in all 
cases, and Cycle 2 data was also available for the radar-bright flows and radar-dark margins SE of 
Ozza Mons. The terrestrial data include relatively fresh aa and pahoehoe on Hawaii (from [2]), 
mantled aa in Lunar Crater Volcanic Field, Nevada [3] and degraded pahoehoe from the Snake 
River Plains [4]. 
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