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Introduction: We present the reimpact pattern of 

ejected particles and boulder ejection velocities for a 
selected boulder crater on Ceres. We are interested in 
the correlation between boulders and crater 
morphology. Studies on lunar boulders revealed that 
boulder ejection velocities are linked to the thickness 
of preimpact regolith [1]. The objective is to find out 
whether boulders on Ceres can tell us anything about 
impact conditions and the surface itself. Boulders on 
Ceres have already been investigated and were found 
to be predominantly clustered around young-looking 
craters [2]. As a study area, we use an 18 km boulder 
crater with a young morphology close to the equator. 
Numerical models show that Ceres’ fast rotation 
influences the distribution of ejecta [3]. The rotational 
effects for a small crater with boulders are investigated 
in this study. To determine ejection velocities of 
identified boulders, we use an analytical approach to 
calculate reimpact sites of test particles on a rotating 
sphere [4] and find the corresponding launch 
velocities. We observe that even ejecta particles of a 
small impact can be distributed over large parts of the 
surface. Slow particles that produce boulders are 
somewhat influenced by the Coriolis force as well. We 
detect most boulders in an area where particles 
reimpact with launch velocities between 55 and 
70 m/s.  

Study Area: The examined crater is located at 
21.09 °E, 10 °S. It has a diameter of 18 km. The crater 
exhibits a fresh morphology and has a continuous 
ejecta layer and a distinct crater rim. Crater ejecta is 
visible in color ratios as well, which is another 
indicator for a young crater age [5]. Its interior is filled 
with material that presumably originates from 
collapsed crater walls and is piled up in the middle of 
the crater floor. On account of this, the shape of the 
crater is not strictly circular. We identified 267 
boulders outside the crater rim and 22 on the crater’s 
inside. Boulders outside the crater rim occur all 
around. They predominantly appear in groups and 
sometimes are arranged in linear formations.  

Data and Method:  For the identification of 
boulders, we use clear-filter mosaics of the Dawn 
spacecraft’s Low-Altitude-Mapping-Orbit with a 
resolution of 35 m/pixel. Only a few larger boulders 
are clearly visible. In contrast to craters, boulders are 
positive topography features with their shadows 
displayed on the opposite side. The crater diameter and 
the crater center are estimated using the CraterTools 
Add-In for ArcGIS [6]. As input parameters for our 

model, we use a Ceres rotation period of 9.075 h and a 
mean radius of 476 km [7]. Ejection velocities are 
calculated using the gravity-regime crater scaling [8]. 
The model projectile consists of dense rock (3000 
kg/m3) and impacts with 5 km/s; about the average 
impact velocity in the asteroid belt [9]. A vertical 
impact is assumed for simplicity. For more likely 
oblique impacts, the velocity regime would be similar, 
with slightly shifted reimpact locations. Ceres’ escape 
velocity is 0.51 km/s [e.g. 10]. Ceres’ upper crust 
density ranges from 1680 to 1950 kg/m3 [11]. We use a 
density of 1800 kg/m3 as an average value. The 
ejection angles vary with distance from the crater 
center [12]. The reimpact sites of ballistic particles are 
calculated with the dimensionless analytical approach 
by Dobrovolskis [4]. The model assumes a rotating, 
spherically symmetric rigid body. Ceres’ shape is 
found to be nearly spheroidal [11], so this assumption 
is sufficient for our purpose. 50000 test particles are 
randomly distributed and launched between the 
calculated projectile radius and the apparent transient 
crater radius. Landing sites are then correlated with 
corresponding ejection velocities. 

Results: Reimpact sites show that ballistic particles 
are able to cover large parts of the dwarf planet’s 
surface (Figure 1). Particles, which are ejected at 
velocities of more than 0.3 km/s travel long and far and 
thus are particularly deflected by the Coriolis force. 
However, the majority of particles are launched with 
only fractions of the escape velocity below 0.1 km/s. 
Nonetheless, we find that slow particles are influenced 
by the body’s rotation as well. An eastward shift of 
reimpact sites is evident (Figure 1 and 2). To interpret 
the distribution of boulders, we just focus on the ones 
outside the crater rim, as boulders inside might be 
redeposited by mass wasting processes [1]. Ballistic 
particles which reimpact within the distance where 
boulders occur, were ejected with velocities between 
approximately 55 to 70 m/s. This is consistent with the 
idea, that large particles do not reach high velocities 
due to their mass. Furthermore, the intact rock 
structure of a boulder requires relatively slow reimpact 
velocities.  

Outlook: For future research, we will expand our 
analysis to other boulder craters on Ceres. After 
calculating reimpact locations, we will trace back 
boulder velocities directly from their distance to the 
crater center. Additionally, size estimations of boulders 
will be performed. Moreover, the craters’ 
morphologies will be compared with those results. The 
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influence of different values for the impact parameters 
on the results needs to be investigated as well.  

References: [1] Bart, G. D., Melosh, H. J., 2010. J. 
Geophys. Res.: Planets. 115. [2] Schröder, S. E., et al., 
2016. EGU. [3] Schmedemann, N., et al., 2017. Lunar 
Plan. Sci. [4] Dobrovolskis, A., 1981. Icarus. 47, 203-
219. [5] Schmedemann, N., et al., 2016. GeoRL. 43, 
11,987-11,993. [6]Kneissl, T., et al., 2011. Planet. 
Space Sci. 59, 1243–1254. [7] Thomas, P. C., et al., 

2005. Nature. 437, 224–226. [8] Housen, K. R., et al., 
1983. J. Geophys. Res.: Solid Earth. 88, 2485-2499. 
[9] O’Brien, D. P., Sykes, M. V., 2012 In: C. Russell, 
C. Raymond, (Eds). Springer, New York, pp. 41-61. 
[10] de Elía, G. C., Di Sisto, R. P., 2011. A&A. 534, 
A129. [11] Park, R. S., et al., 2016. Nature. [12] 
Richardson, J. E., et al., 2007. Icarus. 191, 176-209. 
 

 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. The 18 km crater displays numerous
boulders (blue dots) inside and outside the crater.
Isolines are drawn through reimpact sites of
particles with the same ejection velocity. Those
circles are not strictly concentric to the crater center,
but shifted to the east. The irregular shape of the
crater rim hints to crater wall slumping. 

Figure 1. Reimpact locations of test particles are represented as a function of their ejection velocity on a global LAMO
clear-filter mosaic in equidistant projection. Only velocities larger than 0.1 km/s are displayed for clarity. A cross marks the
crater center. 
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