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Summary: We show that ejecta is thinner on Ceres 

compared to the Moon. Ejecta blanketing may not be 

efficiently degrading craters larger than 10 km. 

Introduction: Dawn data allowed a detailed view of 

the heavily cratered surface of Ceres, showing both 

fresh (e.g., crisp rims), and highly degraded crater 

morphologies [e.g., 1-2]. Crater degradation processes 

on Ceres include crater overlapping [3], ejecta 

blanketing [4, 5], and topographic diffusion [6]. The 

varied crater degradation levels on Ceres imply ongoing 

surface evolution driven by both newly formed impact 

craters, and the degradation of older ones [3]. Ejecta 

thickness scaling relationships have been used in airless 

planetary bodies, such as the Moon [e.g., 4, 7, 8]. 

However, the ejecta thickness and distribution remain 

poorly constrained on Ceres. We aim to provide insights 

for ejecta thickness using craters that survived Occator’s 

ejecta blanketing event. We show thinner ejecta 

thickness profiles than those on the Moon [7]. We then 

provide insights for crater degradation on Ceres due to 

ejecta blanketing. 

Ejecta blanketing: During the excavation stage, 

outward ejecta flow forms from the transient crater, 

followed by ejecta blanketing of the impact crater’s 

surroundings [9]. The product is a continuous, proximal 

ejecta layer that covers pre-existing craters [4, 5]. 

Scaling relationships are common quantification 

methods to describe ejecta thickness [e.g., 4, 7, 8]. 

Previous studies have mapped [e.g., 10] ejecta blankets 

on Ceres, and have been described as non-prominent 

features [11] because they cannot be easily observed. 

Therefore, estimating ejecta thickness may provide 

further information to better understand ejecta deposits 

on Ceres. 

Methods: Craters with D = ~300 m to ~114 km 

(1,846 in total) around Occator were geologically 

investigated to identify whether they are covered by its 

ejecta. We used multiple (25 to 35) low altitude 

mapping orbit (LAMO) images in four high altitude 

mapping orbit (HAMO) regions that included portions 

of Occator’s ejecta (Fig. 1). Craters were catalogued in 

three categories based on crater morphologies. Pre-

ejecta craters were identified based on visible 

overlapping ejecta. Post-ejecta craters were identified 

based on fresh crater morphologies (e.g., crisp rims). 

Craters that displayed non-prominent ejecta patterns 

were catalogued as non-prominent. Multiple ejecta units 

from Occator have been previously mapped [e.g., 10]. 

For simplicity, we treat them as a single unit. Craters 

were counted in JMARS [12] using the three-point tool 

on visible crater rims. HAMO and LAMO images were 

selected from the Planetary Data System (PDS) Small 

Bodies Image Browser. Depth-to-diameter (d/D) ratios 

were measured from both rim-to-floor depth and 

measured diameters. Depths were extracted from the 

Park et al. [13] shape model using SpiceyPy [14]. 

 
Figure 1. Crater counts within LAMO images. Red circles are 

pre-ejecta craters. Yellow circles are young craters. Magenta 

circles are craters with unclear ejecta patterns. White outlines 

are HAMO regions. Yellow outline is Occator’s ejecta [10]. 

Ejecta thickness estimation: Here, we estimated the 

ejecta thickness (𝑡) radially distributed from Occator’s 

crater center at range 𝑟 (normalized to Occator’s radius) 

as 𝑡 =  𝐻𝑜 – 𝐻𝑚, where 𝐻𝑜 corresponds to 0.1 d/D, and 

𝐻𝑚 is the measured rim-to-floor depth, both measured 

in kilometers. In this sense, this approach accounts for 

ejecta thickness from crater fill. However, we note that 

many post-Occator craters may have been degraded 

before being infilled by other degradation processes, 

such as topographic diffusion [6]. Assuming that 𝑡 can 

be described by [7], we estimated ejecta thickness 

profiles and provided a possible upper bound ejecta 

thickness. We also included the unchanged ejecta 

thickness scaling relationship for comparison. Given 

that the simple-to-complex crater transition diameter 

ranges from 10 km to 20 km [15] on Ceres, 0.1 d/D 

(simple crater depth) possibly gives proper d/D values 

for small craters on Ceres. Therefore, we focused on 

craters with D = ~300 m to <10 km (total craters: 839) 

for our ejecta thickness estimations.  
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Ejecta thickness profile estimation: The McGetchin 

et al. [7] ejecta thickness scaling relationship was used 

to estimate thickness profiles in regions around Occator.  

Because Ceres has different physical properties 

compared to the Moon, using such scaling relationship 

may yield inconsistencies. Therefore, to show proper 

ejecta thickness profiles, we estimated profiles at both 

0.2% and 10% of [7]. This approach allowed us to 

estimate an upper bound of Occator’s ejecta thickness.  

Results: The estimated d/D ratios for all the 

measured craters (after filtering) ranged between ~0.01 

and ~0.27, where 50% and 75% of the data fell within 

~0.06 and ~0.09, respectively. For the pre-Occator 

craters with D = ~300 m to <10 km, 0.1 d/D (simple 

crater depth) ratios ranged between ~0.01 and ~0.27, 

where 50% and 75% of the these estimated d/D values 

fell within ~0.07 and ~0.1, respectively. 

Preliminary ejecta thickness estimation:  Using the 

measured d/D ratios, we estimated ejecta thickness 

profiles [4] for the entire data set (Fig. 2A) and pre-

ejecta craters (Fig. 2B). Smaller craters are found to be 

randomly distributed (Fig. 2A) and possibly being post-

ejecta craters (i.e., fresh craters). Approximately 75% of 

the pre-ejecta crater population lie within an estimated 

ejecta thickness of ~0.06 km. Fig. 2B shows the current 

best ejecta profile (~0.2% of [7]) for our estimated 

ejecta thickness from pre-Occator impact craters (i.e., 

pre-ejecta). From this relationship, we estimated an 

average ejecta thickness of ~0.005 km (Fig. 2B). 

Discussion: Our results suggest thinner ejecta 

thickness on Ceres compared to the Moon. We note that 

using an initial fresh crater depth of 0.1 d/D may 

overestimate the ejecta thickness. Therefore, the ejecta 

thickness is likely to be thinner than our estimated value. 

We found inconsistencies between our ejecta thickness 

profile around Occator compared to [7]. Most 

thicknesses fall below the unchanged scaling 

relationship, suggesting that [7] yields very thick ejecta 

(~2.4 km) to explain the survival of pre-Occator craters. 

Most pre-Occator craters fall above the 10% level of [7], 

and fewer below (Fig. 2B), still suggesting high 

thickness (~0.23 km). The best fit that explains the 

survival of pre-Occator craters is ~0.2% and provides a 

~0.005 m-thick upper ejecta bound (Fig. 2B). This 

suggests that crater degradation on Ceres may be 

affected by, but not limited to, ejecta blanket deposits. 

Other competing crater degradation processes in Ceres 

may include crater overlapping [3] and topographic 

diffusion [6]. Occator’s ejecta blanket thickness may 

depend on Ceres’ physical parameters. For example, 

Ceres has a gravity of ~0.27 m/s2, equal to ~17% of the 

lunar gravity (~1.6 m/s2). Physical parameters, such as 

rotation (~9 hr/rev) and escape velocity (~0.51 km/s), 

have been suggested to cause highly asymmetrical and 

curved ejecta patterns [10], which may control the 

observed thin thickness in Ceres. At larger crater 

diameters (>10 km), ejecta patterns are more commonly 

observable. The ejecta blanket may be too thin to erase 

craters above this diameter threshold in Occator’s 

surrounding regions. Thus, crater erasure by ejecta 

blanketing may not be an efficient crater degradation 

process in Ceres for craters larger than 10 km. 
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Figure 2. Ejecta thickness (𝑡) for (A.) all craters and (B.) pre-

ejecta craters. A. Dark blue: pre-Occator craters. Brown: 

post-Occator craters. Pink: craters with non-prominent ejecta 

patterns. Red lines: ejecta thickness profiles at 0.2% (solid), 

10% (dashed), and unchanged (dotted) of [7]. 
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