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Introduction 

The supplementary materials include context and detailed images of cerean all cerean 

craters in which pits have been identified (S1-7), as well as technical background for pit 

size measurements (S8), sublimation (S9) and outgassing (S11) calculations, comparisons 

to extra-cerean morphological features (S10), and a description of thermal image analysis 

(S12).   
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Fig. S6: Occator Crater (D=92 km, 19.82°N/239.33°E). 
(A) Overview of the surrounding terrain of Occator with superimposed HAMO 
stereophotogrammetry-based digital elevation model (≈137 m/px); colour-coded heights 
are given relative to the reference ellipsoid 482 km × 482 km × 446 km (Preusker et al., 
2016). White boxes show the locations displayed in panels C-F. (B) Occator in 
panchromatic imagery. Cerealia Facula is located within the central pit; Vinalia Faculae 
are located on a large wall collapse-sourced lobate deposit (Nathues et al., 2017). (C) 
Pitted terrain southwest of the central pit developed within terrace materials. (D) 3D 
anaglyph of panel C based on Framing Camera images 59,294 and 75,000. (E) Lobate 
terrace material. Note atypical elongated depression indicated by white arrow was not 
included in “pit” analysis. (F) 3D anaglyph of panel E based on Framing Camera images. 
All scenes except D and F are excerpts of the Framing Camera panchromatic nadir 
mosaic (30 m/px; equidistant cylindrical projection centred at 19.5°N/239.5°E). Note 
north is not up in panels C-F. 
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Fig. S7: Azacca Crater (D=49.9 km, -6.66°N/218.4°E). 
(A) Overview of Azacca and its surrounding terrain with superimposed HAMO 
stereophotogrammetry-based digital elevation model (≈137 m/px); colour-coded heights 
are given relative to the reference ellipsoid 482 km × 482 km × 446 km (Preusker et al., 
2016). White boxes show the locations displayed in panels C-F. (B) Azacca in 
panchromatic imagery. (C) Elongated depression (white arrow) on Azacca floor. (D) 3D 
anaglyph of panel C based on Framing Camera images 54,233 and 65,243. (E) Potential 
pitted terrain near a fracture system east of the central peak. (F) 3D anaglyph of panel E 
based on Framing Camera images 54,233 and 62,777. All scenes except D and F are 
excerpts of the Framing Camera panchromatic nadir mosaic (30 m/px; equidistant 
cylindrical projection centred at 19.5°N/239.5°E). Note north is not up in panels C-F. 
Note also that Azacca was excluded from pit-size analysis highlighted in Fig. S8 due to 
the atypical morphology of the depression in panel C above and ambiguity between 
possible pits and craters at other locations on the Azacca floor. 
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Fig. S8. Pit and Crater Diameter Relationship 
 
Maximum pit diameter (Dmax) and average diameter of the 10 largest pits (Dtop10) in the 
interior of Kupalo, Haulani, Ikapati, Dantu, and Urvara craters as a function of crater 
diameter. Blue circles represent Dtop10; error bars are based on statistics of measurements 
of 10 pits using the ArcGIS CraterTools add-in. Red asterisks represent the diameter of 
the largest pit as measured using CraterTools. The solid blue line is a power law fit to 
Dtop10, 14.2y=x0.86. Power law fits to data from 13 martian craters by Tornabene et al. 
[2012] are shown for reference. The dashed black line is maximum pit diameter (Dmax), 
y=27.5x0.86; solid black line is avg. of 10 largest diameters (Dtop10), y=16x0.87. Note that 
Azacca and Occator craters were excluded from this analysis, as no pits were identified 
on the Occator floor and pit identifications at Azacca were ambiguous.  
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Fig. S9. Maximum pit relief (i.e. depth) due to 1 Ga of sublimation as a function of 
latitude.   
 
Red line indicates the thickness of the dry silicate lag layer if ice comprises 40 vol.% of 
near-surface material.  Blue line indicates the lag thickness if ice comprises 90 vol.% of 
near surface material.  Blue stars indicate collapse of the surface due to loss of 
volumetrically dominant ice in the 90 vol.% scenario.  
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Fig. S10. Mercurian hollows and martian Swiss cheese.  
 
(A) Mercurian hollows with bright halos formed on flat terrain and peak-ring material of 
Raditladi basin. Hollows appear clustered or are isolated with elongated or branching 
margins (Mercury Messenger MDIS image EN0220979993M; 17 m/px). (B) Close up of 
(A). The same scene is shown in (C) downsampled to 35 m/px to match LAMO 
resolution. (D) Swiss cheese terrain on Mars illustrating near-circular to elliptical 
depressions with flat floors and complex branching, steep-sided margins. These 
depressions are associated with the sublimation of a nearly-pure CO2 layer. The scene is a 
close-up of (E) (Mars Reconnaissance Orbiter HiRISE image PSP_004989_0945; 0.25 
m/px). (F) The same scene as in (E) is shown downsampled to Ceres LAMO resolution 
(35 m/px). 
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Fig. S11. Application of Boyce et al. [2012] Pit Development Model to Ceres 
 
Comparison of (A) pore pressures, (B) gas outflow velocities, and (C) maximum size of 
elutriated clasts in a 100 m thick layer of volatile-rich crater material. Red lines indicate 
predictions for Mars (reproduced from Boyce et al. [2012]); blue lines indicate 
predictions for Ceres.  
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Fig. S12. Overview of thermal analysis at Dantu.  
 
(A) Greyscale FC image of Dantu, acquired in the clear filter during HAMO at a spatial 
resolution of 140 m/px and represented in equirectangular projection with pitted regions 
outlined in red. VIR data of the same area acquired during the HAMO phase (376 m/px) 
at a heliocentric distance of 2.958 AU, are displayed in the other panels, also in 
equirectangular projection. (B) Map of solar incidence angle measured from the surface 
normal to a detailed shape model of Ceres in the VIR observation. (C) I/F value at the 
wavelength of 1.2 µm (without photometric correction). (D) Reflectance values at 1.2 µm 
(photometrically corrected). In panel D, shadows induced by topography are largely 
smoothed out, and the resulting gray shades are indicative of inherently bright and dark 
materials. (E) Surface temperature computed from VIR thermal infrared data, as observed 
at 9.26 ± 0.11 h local solar time. (F) Temperatures in E corrected for the lighting 
geometry, assuming that the surface of Ceres behaves like a black body (i.e., temperature 
in panel E divided by the fourth root of the cosine of the solar incidence angle). Regions 
with intrinsically low (or high) temperature due to distinct thermophysical properties 
should appear dark (or bright) in both panels E and F. A scale bar accounts for the size of 
the features observed in the scene. 
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