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Introduction:  The Dawn spacecraft, carrying the 

Framing Cameras, was captured by Ceres’ gravity field 

on 6
th

 March 2015. The FC delivered images [1] during 

approach, three rotation characterisations, and various 

completed mapping orbits to resolutions of up to ~140 

m/px. In mid-December 2015, Dawn reached the low 

altitude mapping orbit (LAMO) taking panchromatic 

FC images with a resolution of ~35 m/px. 

We present morphological observations of simple 

to transitional complex craters in order to determine 

the simple–to–complex (s–c) transition diameter (see 

also [2-4]. This parameter depends on the strength of 

the target material and gravity. If the known s–c transi-

tion diameters of various planetary bodies are plotted 

as a function of their surface gravity, the predicted s–c 

diameter for Ceres is found along the icy trend at about 

10.5 km [3] (Fig. 1) potentially indicating a dominantly 

icy upper surface composition, consistent with pre-

Dawn studies [e.g., 5–7]. However, this is in contrast to 

the global albedo value of Ceres (c. 0.09) relative to 

icy satellites (>>0.19). Recent Dawn results indicate an 

upper crust density of ~1.5 gcm
-3

 [8,9] with an inferred 

ice–rock ratio of about 40:60 [10]. Both Dawn spectral 

data taken in Survey Orbit and Earth-based telescopic 

observations indicate the presence of widespread am-

moniated phyllosilicates [11,12], though other Earth-

based obsrvations point to a carbonaceous condrite-like 

surface composition [e.g., 13]. Localised detections of 

vapour emanation [14], haze cloud development [15], 

and water absorption bands in Dawn’s VIR reflectance 

spectra [16] indicate heterogeneity in surface composi-

tion. A heterogenous composition with respect to ice 

content is in agreement with thermal modelling [17] 

and first GRaND results [18]. Determining the s–c 

transition diameter(s) across Ceres will help understand 

strength properties of upper surface target material(s). 

Method:  The presented study was conducted on a 

global FC image mosaic with a resolution of ~140 

m/px. 474 craters in the size range of 3–40 km and 

distributed across the surface of Ceres were classified. 

Our analysis will be updated when LAMO imagery 

becomes available. 

Classification scheme: Craters with pristine to 

mildly degraded morphologies were classified into 

simple, modified simple, transitional complex, and 

complex craters. Simple craters are entirely bowl-

shaped with steep smooth walls and a circular rim. 

Modified simple craters are those craters closely re-

sembling simple craters but exhibt a flat floor, which is 

<0.5D across. The rim crest may be punctuated by 

small impact craters. Transitional complex craters are 

characterised by a scalloped rim, a flat floor >0.5D 

across and the absence of terraces. Complex craters 

show a flat floor, scalloped rims, and terraces; a central 

peak may have formed but can be buried by collapsed 

wall material. 

 

 

 

 

 

Fig. 1: Simple–to–complex transition diameters for 

rocky and icy planetary bodies as a function of their 

surface gravity. Data are from [19–26]. 

 

Result: The first global survey shows that simple 

craters (n=96) occur primarily in the diameter size 

range from 3–6 km with a maximum diameter of 14.7 

km (Fig. 2). The majority of craters (n=257) are 

classed modified simple craters ranging in diameter 

from 3.8–19.2 km (average=8.3 km). Transitional 

complex craters (n=99) are on average 17.8 km in di-

ameter (Fig. 2). We note that only one simple crater in 

the size range 6–9 km is located in the equatorial re-

gion whereas 16 craters occur at higher latitudes (Fig. 

3). The largest six simple craters (9–15 km) are found 

near the north pole (Fig. 3). 
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Fig. 2: Frequency plot of classed craters per diame-

ter (bin size is 3 km). 

 

 

 

 

 

Fig. 3: Frequency plot of simple craters per diame-

ter (bin size is 3 km) differentiated into three regions 

each spanning 60° latitude.  

 

Discussion: Based on the High Altitude Mapping 

Orbit imagery (~140 m/px), the s–c transition cannot 

be clearly assigned and may spread over a larger diam-

eter range. It’s minimum estimate, however, is 6 km. 

As upper bound of the s–c transition the size range 18-

21 km is given. First LAMO images already revealed 

that classified modified simple and transitional com-

plex craters need to be revisted. Floor deposits need to 

be carefully analysed and interpreted as to whether they 

simply formed during crater formation, by post-impact 

wall collapse or external-sourced mass flows. In addi-

tion, hummocky/spiral-textured floor material in transi-

tional complex and complex craters may have poten-

tially buried central peaks causing misclassification. 

Final LAMO-based crater classification may also 

confirm a latitudinal dependence of the s–c transition, 

increasing from the equator towards the poles due to 

modelled latitudinal temperature differences [17]. Sur-

face gravity changes due to Ceres’ oblateness 

(482×482×446 km) may influence the s–c transition 

diameter [8]. It will also be investigated whether the s–

c transition has any longitudinal variation, correlating 

with areas of different topographic roughness and rela-

tive crater relaxation rates or gravity. Moreover, 

strength properties of various materials similar to ice 

will be analysed in order to assess whether rock–ice 

mixtures, phyllosilicate- or sulphate-dominated regolith 

may account for the large spread in s–c transition di-

ameters. Another important diagnostic parameter for 

determining the s–c transition is the diameter–to–depth 

relationship. A systematic survey of crater depth analy-

sis will be performed and presented at the conference 

along with the final crater classification and derived 

conclusions. 
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