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402 out of 932 Venusian impact craters have outflows (Chadwick and Schaber, 1993a, b; 
Schaber and Chadwick, 1993) originating from inside or under the ejecta blankets. They differ from 
the ejecta blanket by their length, brightness, nonradiality, morphology, and/or sinuous planfonn 
(Asimow and Wood, 1992) and are too long to be caused by ballistic processes (Chadwick and 
Schaber, 1993b). These low viscosity flows have travelled up to hundreds kilometers, possibly due 
to large amounts of entrained hot gases and impact melt. In places they surmount structures of 
considerable height but their relation to the topography varies (Schaber et al., 1992). A few of them 
are erosional, with streamlined islands and a large drainage areas close to the crater, but most are 
depositional. Some deposits are structureless and less organized, while others have channels with 
margins or levees (Asirnow and Wood, 1992). Outflow deposits are fairly thin, and their directions 
may have been controlled by the local topography (Schaber et al., 1992). The fluid identity and 
emplacement mechanisms are not understood. Outflows have various relations to ejecta deposition. 

The diversity in observed outflow appearance may be attributed to a few emplacement processes 
and/or more than one flow material type. From emplacement mechanisms proposed at least two 
processes (Asimow and Wood, 1992) have to be seriously considered: emplacement of the ejecta 
and modification of the continuous ejecta blanket, or alternatively a second, depositional process 
preceding ejecta emplacement. Flows which stratigraphically underlie the ejecta blankets must be 
associated with early jetting and vapor cloud stages in the impact event. Basaltic magma and 
fluidized debris cloud appr. 0.5 crater radii beyond the rim is primarily controlled by the 
topography, but may also be able to flow upslope for short distances (Asimow and Wood, 1992). 

The atmosphere is important.in outflow emplacement. High temperature and pressure increase 
production of impact melts. Models predict 3 times larger impact melt production rates on Venus 
than on the Moon for a given crater diameter (Chadwick and Schaber, 1993b). Melt separation 
processes are also more efficent. Melt, ejecta and dense atmosphere further result in a huge cloud or 
a ground-hugging turbidity flow (Asimow and Wood, 1992). The ratio of outflow craters increases 
with crater diameter indicating that there is more impact melt in relation to ballistic ejecta in more 
energetic events producing larger craters (Schaber et al., 1992). Oblique impacts remove efficiently 
impact melt from the crater by excavation and concentrating material on the down range side. 
Decreasing impact angle increases length and areal coverage of the outflows (Schaber et al., 1992). 

Fractal analyses is made of fractal dimensions of 28 outflow margins from 18 Venusian impact 
craters with diameters 18.0 km to 82.0 km and locating between latitudes -45 and +45 as discribed 
in You et al. (1995). Fractality values for a outflow, measured from images with only a small 
difference in resolution, are very similar, while large differences in image resolution may result in 
differences in fractality, possibly because of different geological processes effective. Three outflow 
categories were found: single outflows, multiple outflows and outflow fields. Three conclusions 
were drawn on the relations between fractality and crater diameter, which may be related to the 
greater effects caused by the immediate local environment on the outflows from small craters than 
on those from larger craters. Investigation of the relations between the regional topography and 
fractality indicates that there are subtantially less effects on outflows originating from large craters 
than on those from small craters. The smooth bending in the R-plot and the higher D-value for the 
multiple outflows could result from the mixing of various fractal or non-fractal units. 

Fractality of terrestrial and Martian lava flows (Gaonac'h et al., 1992; Bruno et al., 1992; Bruno 
et al., 1993; Kauhanen 1993; Taylor et al., 1994; Barlow, 1994) are used as a reference in studying 
Venusian outflows, even if they may not be basaltic lava flows but rather some kind turbidity 
currents. Fractal dimensions for terrestrial a'a lava flows are typically below 1.09 while fractal 
values above 1.14 are typical of pahoehoe lava (Taylor et al., 1994). The fractal dimensions of 
measured Venusian outflow outlines range from 1.076 to 1.295. Three studied outflows seem to 
resemble the a'a group values, 20 are similar to the pahoehoe group values and five are between the 
two. Outflows from craters larger than 50 krn seem to resemble a'a-type lava flows in their fractal 
dimensions while outflows from craters of diameter below 50 km tend to be more pahoehoe-like. 
The pattern should, however, be investigated more carefully by further more extensive work. 
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The outflows consist of single outflows, multiple outflows and outflow fields. The range of 
fractal values for the five multiple outflows (from 1.238 to 1.272) appear to be higher than for the 
other two groups, while the ranges for the single outflows (1.097 and 1.295) and outflow fields 
(1.076 and 1.284) are about the same. It is possible that a multiple outflow can have an increased 
D-value, possibly because several individual outflows forming a multiple one can result in a mixing 
of various fractal or non-fractal units. It is difficult to identify the second linear part as accurately as 
in the case of single outflows. Conclusions made from single outflows are thus more reliable. 

The fractal dimensions measured from F and C1 images for the same crater Yablochkina outflow 
are the same. Small differences in resolutions do not effect fractal values if scale ranges are close to 
each other. This is logical, as the fractal dimension is theoretically determined only by the fractal 
properties of the measured line and the fractality resides intrinsically in the fractal lines themselves. 
The values measured from C1B images are rather different indicating that large scale differences 
influence fractal values. The outline may not be fractal in exactly the same way over wide scale 
ranges and it is affected by different geological processes within different scale ranges. 

Three observations illustrate relations between fractal dimension and crater diameter: First, the 
variation in fractal dimensions between the different outflows from the same crater have a negative 
relation to crater diameter. Differences in the outline between the outflows from the same crater are 
complex, and may include effects of their immediate local environment (topography and geology), 
tectonic structures and impact processes. Ejectas and outflows of medium-size craters are controlled 
more by their immediate local environment, topography and geology than those of larger craters. 

Topography in particular is important. Small craters have a relatively small amout of outflow 
material, which, while covering small areas, is easily controlled by the local topography. This is 
seen from the outline and flow morphology and may explain the higher observed differences in the 
outline between the outflows from small craters than from larger craters. Negative relation between 
fractal dimension of single outflows and crater diameter depends on local topography. Larger 
outflows are affected less by the local topography which makes their planar appearance smoother 
than that of smaller outflows. Smaller outflows are affected by local topography and are rougher in 
appearance, evidently due to the smaller amount of ejecta material produced by small impact events. 

Finally, there is great variation in the fractal dimension within single outflows from small craters 
with diameter below 25 km, whereas the single outflows from medium-sized 25 km to 50 km 
craters are more uniform. The outflow from the largest crater, Stowe, seems to con fm this trend. 
The reason is obvious if combining the relations between fractal dimension and crater diameter. 
Refinement of these conclusions would, however, require more measurements and a larger data set. 

Topography affects the fractality of crater outflow margins. A depression together with hctures 
results in smoother outflow outlines and a lower fractality value of crater Stowe outflows. A NW 
upslope restrains individual outflows of crater Yablochkina from proceeding, smoothing the 
outflow frontlines and resulting in low fractal dimension values. The downslope may also re-direct 
the outflow by branching its frontline and increasing the outline roughness, as in the case of the 
crater Galina outflows. Smaller-scale topographic variations are supposed to play a role in the 
variation in fractal dimension but due to lack of high-res topographic data this is difficult to prove. 
Concluding from the Galina, Stowe and Yablochkina outflows, regional depressions, fractures and 
slopes, if large enough relative to the outflow, seem to restrain and re-direct some impact crater 
outflows and thus to characterize the outflow outlines and their fractal dimensions. 
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