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A TWO-STAGE (TURBULENT-DRAINAGE) MECHANISM FOR THEEMPLACEMENT OF 
IMPACT CRATER OUTFLOWS ON VENUS; D.J. Chadwick and G.G. Schaber, U.S. Geological 
Survey, Flagstaff, AZ 86001 

Several emplacement mechanisms have been proposed for the unique flow features associated with 
402 of the 912 [I] impact craters found on Venus to date [2-51. Studies based on rheological models [2] 
and laboratory results [5] have suggested two separate depositional flow mechanisms: a turbulent 
emplacement and a lavalike emplacement. Schultz [5] proposed a progressive transition from the 
turbulent to the lavalike mechanism during deceleration of some turbulent flows. He suggested that these 
composite flows were emplaced prior to the deposition of the normal ejecta. 

After an examination of the geomorphologic, stratigraphic, and topographic relations of the flows 
associated with the 402 craters, we suggest that most of the outflows result from a two-stage emplacement 
process. In the first stage, a turbulent, proximal part is usually emplaced downrange of the impact site 
after the other ejecta materials. In the second stage, a distal part, composed of low-viscosity melt, slowly 
drains via dendritic channels from the proximal deposit and flows like lava (Figure 1). A few flows have 
been identified that appear to have been emplaced prior to the ejecta; these flows likely result from a 
different mechanism. 

Proximal Part of Flows. The proximal parts of outflows are characterized by high radar 
reflectivity, dendritic channel systems, and the ability to flow up slopes. About 87% of the outflows 
originate on the downrange side of the associated impact crater [4], and all appear to be stratigraphically 
higher than the other ejecta materials (Figure 2). The outflow deposits are thought to be relatively thin, 
because they commonly do not completely bury subjacent blocky ejecta. 

Distal Part  of Flows. The distal parts of the crater outflows commonly have a lower backscatter 
than the proximal parts, and some appear quite smooth (Figure 1). The distal flows are fed by material 
that has drained from the channels in the proximal flows. Channels not present in all flows; their 
formation may depend on the ratio of melt to solid clasts in the proximal deposit. The distal flows moved 
down slopes, filled small grabens, and were ponded by ridges, behavior that mimics flows from obvious 
volcanic sources. . - 

The position of the proximal flows atop the continuous ejecta, their common occurrence 
downrange of the impact site, and their richness in melt make them analogous to terrestrial suevite 
deposits, which are turbulently emplaced [6]. The proximal flow may have originally comprised the 
transient crater lining, composed of vapor, melt, and shocked clasts [7]. These materials can be 
considered a late stage of ejecta, imparted with downrange momentum by the impactor and ejected as a 
turbulent cloud during crater rebound. An origin of the flows from within the craters would explain why 
many flows appear to originate at crater rims (Figure 2). 

On Venus, suevites may contain 40% more melt than on Earth for a given crater diameter, and 
melt may remain molten an order of magnitude longer [8,9]. Thus, upon deposition of the proximal 
"suevite" part of the crater outflows, the melt fraction appears to have coalesced and drained out, creating 
the channels and long, thin, distal flows. 

The proximal part of the outflows is best expressed at craters produced by lower angle impacts, 
which are identified by a missing segment of ejecta in the uprange direction (Figure 1). Craters produced 
by higher angle impacts may have the proximal part subdued or in some cases absent. We suggest that 
in these cases proximal flow deposition has occurred but is less concentrated than in lower angle impacts 
because the transient crater lining is not imparted with as much downrange momentum, and is thus more 
evenly distributed over subjacent ejecta. This probably explains wly higher angle impacts are less likely 
to produce flows (36%) than lower angle impacts (51 %). It may also explain why the flows tend to be 
smaller when produced by higher angle impacts, and why these flows are more numerous and less likely 
to be confined to a single azimuthal direction, as they are in lower angle impacts. 
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Figure 1. (Top) Kahlo crater, 36 km in diameter, located at lat. -59.85, long. 178.8. North is at the top. Note 
the missing segment of ejecta on the south side, indicating the uprange direction. The bright feature on the north 
side of the crater is the proximal deposit. Note the NW-trending channels that have fed the dark distal flow to the 
northwest of the crater. The distal flow has flowed downhill to the WSW. 

Figure 2. (Bottom) Stuart crater, 69 km in diameter, located at lat. -30.75, long. 20.2. The distal flow fills a small 
graben and buries normal ejecta. Closer to the crater, ejecta blocks were too large to be completely inundated by 
the proximal flow. Note the flow on the crater rim and floor. 
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