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ELLIPTICAL IMPACT CRATERS ON VENUS, J.R. Johnson, G. Komatsu, and V.R. 
Baker, LPL, Department of Geosciences, University of Arizona, Tucson, AZ, 85721. 

At least twelve of the over 800 Venus impact craters thus far revealed by Magellan 
imagery (1) show an overall elliptical shape (Table 1). They range in morphology from 
elongate strewn fields composed of multiple small elliptical craters (< 10 km major-axis) to 
craters with long axes over 100 km. These craters are also distinguished by very large 
asymmetric ejecta blankets extending for several crater lengths and exhibiting flow-like 
morphologies. These ejecta often show a butterfly pattern and/or an uprange "forbidden 
zone" characteristic of low-angle impacts (e.g, 2). Most crater rims are either overlapping, 
scalloped, and/or irregular, and many exhibit scour marks possibly resulting from uprange 
projectile 'bakes" or downrange ricochet debris (3). Such morphologies are similar to those 
produced in laboratory experiments, suggesting a low angle (< 5-15 ") impact origin for this 
type of crater (3,4). 

Similar elliptical craters are known on other planets. Schiller is a 180 x 65 km lunar 
crater formerly interpreted as a volcanic caldera (e.g., 5). It shows a similar overall elliptical 
morphology including a small crater with a breach at its proximal end connected to the main 
crater by a small valley, similar to the above Venus crater. On Mars, Orcus Patera, is a 380 x 
140 km elliptical crater modified by later faulting (6).  On Ganymede, a 105 x 35 km long 
crater at 14.8" latitude and 355.0" longitude exhibits scalloped rims and multiple elongated 
central peaks like Schiller, suggestive of either a near-simultaneous multiple-projectile 
impact or decapitation during impact of a single body, possibly onto a regional slope (7,s). 

The most prominent example of an elliptical crater found on Venus is a 120 x 45 km 
crater near 6"S,6"E (Table 1, cf. 3). It exhibits scalloped crater rims surrounding a radar 
dark floor and smaller elongate radar dark streaks extending from a narrower irregular 
southern rim. A radar bright butterfly-pattern fluidized ejecta blanket (FEB) showing 
complex flow and channelized features extends both southward and nearly perpendicular to 
the long axis of the crater, leaving a forbidden zone north of the crater. Such flow features 
are interpreted to be related to the entrainment and fluidization of solid materials within an 
expanding ejecta curtain under the influence of the dense Venus atmosphere (3) or more 
simply the flow of impact-melted materials (9). The ejecta pattern and topography suggests 
that the projectile impacted from the northwest and excavated a cavity that in places (e.g., 
along the eastern floor) now lies over 1 km below the surrounding rims. Portions of the rim 
edges, especially on the uprange (northern) rim, show relatively high meter-scale rms slopes 
(6-8"). Also, portions of the FEB, especially the distal flow lobes, show intermediate rms 
slopes (3-7"). Rougher surfaces at the ends of these flows are consistent with their 
interpretation as fluidized materials whose internal energy and viscosity decreased during 
runout, resulting in ponded lower viscosity melt materials with relatively rougher surfaces 
down-flow. These radar-bright lobes also have relatively high thermal emissivity values 
(~0.84-0.86) similar but slightly lower than typical emissivity values for volcanic flows on 
Venus. Such relatively high emissivity is probably indicative of surfaces that are rough on 
the scale of the radar wavelength (12.6 cm) (lo), which is consistent with these flows being 
radar bright in the SAR images. Reflectivity values (corrected for diffuse scattering) for 
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these surfaces are low (~0.015-0.030), indicative of materials with low dielectric constants, 
which could additionally explain their observed high emissivity. 

A peculiar radar-dark feature located about 100 krn south of the crater is a nearly 
flat 170 x 60 krn basin surrounded by cliffs which range from =200 m high on the north side 
to over 500 m high on the south. The radar-dark materials in the basin have an ernissivity of 
about 0.77, close to the emissivity of the surrounding plains. Diffuse radar-bright materials 
on the basin floor appear to emanate from the northern cliff and are probably portions of 
the ejecta. Alternatively, these bright materials may have survived flooding of the basin that 
occurred as ejecta impacted the high southern cliff wall and fell back into the basin (see 3). 
Portions of the FEB have drained into and ring the northern perimeter of the basin, 
however, suggesting that the dark basin materials were in place prior to the impact. 
Immediately south of the basin, radar-bright lobate materials occur among diffuse materials 
of intermediate radar brightness that mantle ridges and troughs. These flow materials are 
apparently associated with the ejecta, although they exhibit lower emissivities (0.79-0.80) 
and higher reflectivities (0.07-0.10) than those directly associated with the crater. They may 
represent ejecta that advanced beyond the basin, possibly undergoing increased turbulence 
due to the effects of the southern rim of the basin. This process could have resulted in 
additional fluidization of the distal finer-grained components resulting in smoother-surfaced 
flow materials. The relatively lower emissivity for these units is consistent with surfaces 
smoother than the FEB flows. Additionally, their relatively higher corrected reflectivity (i.e., 
higher dielectric constant), implies that these surfaces are compositionally different. 

Clearer understanding of elliptical crater morphologies will be aided by three- 
dimensional visualizations using higher resolution topography via stereo imaging and/or 
enhancement of the present topographic data via detailed analysis of altimetric echo 
functions f 11). 
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Table 1. Preliminary list of elliptical impact craters on Venus. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

Long.(") 

221.4 

Dia.(km) 

31x21 

MIDR 

C45S223 

Long.(") 

245.6 

Lat.(") 

20.7 

Dia.(km) 

18x13 


