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Introduction and Motivation: Recently, three 

robotic spacecraft missions were selected to orbit or 
land on Venus by the late 2020s/early 2030s. As the first 
geology-focused missions since NASA’s Magellan 
spacecraft, which ended its mission in 1994, the 
planetary science community will have new 
opportunities for investigating Venus’ surface geology, 
including crater and ejecta morphology and 
morphometry. Crucially, these missions can leverage 
the natural laboratory that is Venus to interrogate the 
geology of crater ejecta facies for application to other 
cratered planets featuring atmospheres, such as Earth, 
Mars, Titan, and exoplanets.  

Many Venusian and Martian craters feature lobate 
ejecta (e.g., [1-7]). Sugita and Schultz [7] hypothesize 
that ejecta vapor clouds akin to pyroclastic density 
currents could explain the long runout ejecta seen at 
Venusian craters, while ejecta curtain-driven winds 
create lobes. A power law relationship exists between 
crater size and number of individual distal lobate ejecta 
deposits [2].  

We hypothesize that impact cratering and ejecta 
emplacement experiments done in Earth ambient 
atmosphere can give insights into the role an 
atmosphere plays during cratering and ejecta 
emplacement on Venus.  

Methods:  APL’s Planetary Impact Lab (PIL) hosts 
a unique catapult for simulating the emplacement of 
granular crater ejecta curtains [9] and also a light gas 
projectile gun capable of several 100s m/s impact 
experiments [10]. The catapult is a roughly 1 m2 
aluminum plate hinged to stiff springs and is capable of 
launching up to several 10s of kg of granular media up 
to 1-10s of m/s. High speed cameras (>120 fps) arrayed 
around a downrange target area observe the ejecta 
emplacement process, and post-depositional 
photography and 3D scanning allow qualitative and 
quantitative comparisons to natural, planetary ejecta 
facies. 

We chose a very fine-grained (~40 µm) pumice as 
our ejecta simulant for our catapult experiments because 
the particles could be easily suspended by ambient Earth 
atmospheric conditions, as would be expected for larger 
ejecta excavated from larger impacts in Venus’ 
atmosphere. Our impact cratering experiments used a 
coarser (~120 µm) and far less porous pumice target—
but equally entrainable—material. 

Matching physical scales between Venus and the 
laboratory is not necessary. The winds generated at 
Venus by advancing ejecta, and in the simulated ejecta, 

are sufficient to entrain much of the volume of the ejecta 
excavated. Similarities between the subsequent ejecta 
emplacement processes are therefore expected.  
Furthermore, the properties of the circulating winds 
generated by both the laboratory curtain and crater 
ejecta are both in the turbulent regime as seen by the 
magnitude of the Reynold’s number, Re which becomes 
[8]  

𝑅𝑒 =
𝜌%𝑔𝑅!/#

𝜇  

where 𝜌 is the atmospheric density (66 kg/m3 for Venus, 
1.2 kg/m3 for Earth); R is the transient crater radius in 
m, g is the acceleration due to gravity and 𝜇 is the 
dynamic viscosity taken as 3.1× 10$% Pa-s for Venus 
and 1.8× 10$% Pa-s for Earth. With these values, we 
calculate for R = 10 km on Venus , ReV =6.31x1012 , and 
for  the R = 10 m at the catapult,  Rec = 6.8x106 Both 
values represent flows in the turbulent regime (despite 
the six decade difference), indicating PIL results have 
similitude with natural, Venusian results. We expect 
turbulent regimes for many Titan and Mars cases as 
well. 
     For the ejecta experiment, we placed colored foam 
balls on top of the ejecta to aid in tracking the curtain 
velocity. Four GoPro Hero Black 7 cameras recorded 
the deposition and cratering events, each recording at 
240 fps; and two Miro Phantom cameras likewise 
recorded at 1200 and 1600 fps. The average grain size 
of the pumice grains was ~40 µm. 
     Results: Ejecta Experiment: In flight, the ejecta 
curtain featured grain clumps at the leading edge with 
trailing dust tails (Fig. 1). A turbulent dust cloud 
dominated the ejecta curtain’s trailing edge. Upon 
landing, we observed dust clumps at the leading edge to 
flatten and spread in a largely down-range direction. 
Measured grain clump impact speeds ranged from 17-
20 m/s with a measurement uncertainty of ± 2 m/s.  
     The catapult deposited continuous ejecta facies 
~1.75 m long (Fig. 2). We noted a thick, hummocky 
deposit most proximal to the catapult, likely from some 
of the late arriving, heavily decelerated ejecta clumps. 
Downrange of this thick deposit are several 
impressively prominent lobate structures with terminal 
ramparts (slight distal topographic rises). These seem to 
be separated from each other by a narrow moat followed 
by a shallow convex region that ends in a small terminal 
rampart (Fig. 3). Beyond the lobate ramparts, there are 
thin (few grain thick), undulating grain flows with a few 
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of the foam spheres deposited quite far from the “crater 
rim” (catapult). 
     Discussion, Conclusion, and Future Work: The 
lobate morphology in the lab ejecta is highly 
reminiscent of Venusian ejecta; and the ramparts 
resemble Martian ejecta ramparts [3] and possibly 
Venusian, though data from future Venus missions will 
be needed. Previous experiments demonstrated that 
lobate ejecta morphology with distal ramparts can form 
without water when atmospheric effects dominate ejecta 
emplacement [12,13]. Our results support this finding, 
and due to the larger scale (m vs. cm or decimeters) and 
larger mass of ejected material, allow us to see details 
that are were too small/not formed in those smaller 
experiments. This has serious implications for 
interpretations on the role of water in Mars’ geologic 
history. We predict the existence of lobate ejecta 
terminating in distal ramparts on Venus, which higher 
resolution radar data from Veritas and EnVision will 
reveal. Thin, undulating flow beyond the ramparts could 
be analogous to radar-dark regions in distal Venusian 
ejecta. 
     Future work will involve more detailed velocimetry 
and morphometry of the curtain and ejecta with 
comparison and scaling to planetary datasets. Finally, 
we will finalize ongoing impact cratering experiments. 
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Fig. 1: Ejecta clumps on the leading edge flatten on 
impact and continue spreading downrange. The trailing 
“edge” is poorly defined and dominated by a turbulent 
dust cloud. 
 

 
Fig. 2. Ejecta simulant deposit from dry ~40 µm pumice 
exhibiting multiple superposing lobes and ramparts.  
 

 
Fig. 3. 3D scan of the ejecta deposit revealing ~few mm 
heights for the ramparts on the distal extrema of the 
ejecta lobes. 
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