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Introduction:  (1) Ceres is the largest asteroid and 

the only dwarf planet in the inner Solar System located 

at ~2.8 AU. The three instruments onboard Dawn 

spacecraft (i.e., Framing Camera/FC, Visible and Infra-

red Spectrometer/VIR, Gamma Ray and Neutron De-

tector/GRaND) have been exploring the geologic in-

sights of this body. Among the important discoveries 

from Dawn, the finding of potential cryovolcanic fea-

tures and processes on Ceres is of significant scientific 

interest [1-5]. However, the cryovolcanism and its pro-

cesses are not well understood, and need detailed in-

vestigation to characterize and define such activities on 

Ceres. Therefore, we here present the current scenario 

and understanding, as well as our work in progress 

investigating potential cryovolcanic and cryogenic fea-

tures and their processes using both FC color (0.4-0.96 

µm) and VIR spectral (1.0-4.2 µm) data.  

Cryovolcanism on Ceres: Multiple features and 

processes that are likely of cryovolcanic origin are re-

ported, e.g., the discovery of Ahuna Mons as a poten-

tial cryovolcanic dome formed by the extrusion and 

inflation of cryomagma [1]. Then, the bright material in 

Occator crater, i.e., Cerealia Facula and Vinalia Facu-

lae featuring the brightest cerean material on the center 

of the crater floor and a cluster of the second brightest 

cerean material on the north-eastern crater floor, sug-

gesting a cryovolcanic origin formed by the extrusion 

of a brine reservoir at depth [4]. Recent or still ongoing 

activity at Occator has been reported [2, 6]. In addi-

tion, several sites on Ceres exhibit cryogenic flows and 

visco-elastic ice flows [3, 7]. Numerous craters exhibit 

crater floor fractures [8] that are likely formed by the 

upwelling of cryomagmas and subsequently freez-

ing/dilatation mechanism.  

A detailed mapping of these surface features is pre-

sented using both, FC clear filter data and FC-derived 

topography (Fig. 1). The global distribution of 

Mons/Tholi and local topographic highs (green cicr-

cles) as well as  cryogenic/ice-like flows (red stars) and 

floor fractured craters (yellow stars) are presented in 

Fig. 1A. A possible clustering of mons-like features is 

observed in and around Ahuna Mons and Liberalia 

Mons as is shown in Fig. 1A and also by [9]. The spa-

tial clustering of the mons could be of interest in the 

context of the cryovolcanism and reveal geologic con-

ditions in the subsurface. Fig. 1B shows the global dis-

tribution of bright and dark material [10]. A compari-

son of the spatial distribution of the potential cryovol-

canic features and that of the bright and dark material 

could bring further insights, particularly with the bright 

sites, because they are suggested to represent the sur-

face as well as subsurface composition [10-11]. The 

surface and subsurface composition derived from the 

FC color and VIR data will complement our study. 

The FC color data from HAMO orbit (~140 

m/pixel) and LAMO orbit (~35 m/pixel) are used to 

derive spectral characteristics because of the relatively 

higher spatial resolution of FC color data. The VIR 

data from HAMO orbit (~275 m/pixel) are used for 

detailed mineralogical investigation. Note the differ-

ences in spatial resolution that require attention during 

analysis and interpretation. The VIR data used here is 

the level 1B radiance data archived at the NASA/PDS. 

The level 1B data are processed at MPS using the 

standard multi-step iteration processes: (1) artifact re-

moval adapted from VIR and VIRTIS team’s proce-

dure for artifact removal  [13-15], (2) thermal removal 

[16-17], (3) photometric correction [15, 18].  

Figure 1E shows FC color spectra (normalized at 

0.65 µm) of Occator crater and Ahuna Mons compared 

with average HAMO spectrum. Fig. 1F shows VIR 

spectra of those corresponding sites. Iterative steps of 

VIR data processing is an ongoing work. The spectra 

presented here are not photometrically corrected.  

A detailed analysis for all potentially cryovolcanic 

sites on Ceres is in progress combining available in-

formation from the morphology, topography and com-

position.  
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Fig. 1: (A) Global 

RGB mosaic of Ceres 

from FC color data 

(R=0.96 µm, G=0.65 

µm, B=0.44 µm) in 

Mollweide projection 

centered at 180º lon-

gitude.  Potential cry-

ovolcanic sites includ-

ing  Occator crater 

(C) and Ahuna Mons 

(D) are highlighted  

(Symbols: green filled 

circles - mons/tholus, 

red stars - cryogen-

ic/ice-like flows, yel-

low star - floor frac-

tured craters). (B) 

Global RGB mosaic 

highlighting  bright 

material (yellow 

squares mark large 

craters with diameter 

>10 km; yellow cir-

cle- small craters with 

diameters < 5 km; star 

– dark material [10]). 

(C) RGB of Occator 

crater, and perspec-

tive view of the cen-

tral dome (inset). (D) 

Perspective view of 

Ahuna Mons draped 

over by RGB. (E, F) 

Normalized spectra of 

Ceres bright (typical 

[10]) material, Occa-

tor bright material and 

Ahuna Mons bright 

material from FC col-

or (E) and VIR IR 

(F). 
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