
UNDERSTANDING CERES’ COMPOSITIONAL HETEROGENEITY FROM BRIGHT AND DARK 

MATERIALS. G. Thangjam1, A. Nathues1, T. Platz1, K. Mengel2, E. A. Cloutis3, M. Hoffmann1, J.-Y. Li4, J. 

Kallisch1, 1Max Planck Institute for Solar System Research, Justus-von-Liebig-Weg 3, 37077 Goettingen, Germany 

(thangjam@mps.mpg.de, nathues@mps.mpg.de, platz@mps.mpg.de, hoffmann@mps.mpg.de, 

kallisch@mps.mpg.de), 
2
IELF, TU Clausthal, Adolph-Roemer-Straße 2A, 38678 Clausthal-Zellerfeld, Germany 

(gkmengel@t-online.de), 3University of Winnipeg, Winnipeg, MB R3B 2E, Canada (e.cloutis@uwinnipeg.ca), 
4Planetary Science Institute, 1700 East Fort Lowell Rd, Suite 106, Tucson, AZ 85719-2395, USA (jyli@psi.edu).  

 

Introduction: Dwarf planet Ceres is a partially 

evolved carbonaceous chondritic body that underwent 

some degree of melting and differentiation forming 

likely a rocky core, icy/ice-rich mantle, and crust [1-

4]. The outermost layer, simply called here as crust, 

might be more complex than anticipated, because the 

primordial chondritic mineral assemblages are ex-

pected to be thermally and aqueously altered [2,4]. 

Such a compositional heterogeneity could be assessed 

from the bright and dark materials that are the promi-

nent features on the surface. This study is important to 

reveal the geochemical and geological activities that 

shaped the present surface of Ceres. 

The two imaging instruments onboard the Dawn 

spacecraft (Framing Camera/FC and Visible and In-

frared spectrometer/VIR) provided a wealth of data 

exploited in this study. The FC seven color bands and 

the VIR spectroscopic images operate in the wave-

length range from 0.4 to1.0 µm and 0.3 to 5.0 µm, 

respectively [5,6]. The FC instrument provides higher 

spatial resolution data while the VIR instrument pro-

vides higher spectral resolution data, and thus, is 

complimentary to each other. 

Compositional heterogeneity: Figure 1 shows a 

complete global mosaic (R= 0.96, G= 0.75, B= 0.44 

µm) of Ceres using FC color images. The bright and 

dark materials along with the intermediate dark/gray 

average surface are easily recognizable, and it is of 

great interest to understand their compositional varia-

bility on global and local scales. The average surface 

is close to CI-type chondritic analogues with ammoni-

ated phyllosilicate minerals [7,8]. Carbonates along 

with ammoniated phyllosilicates are detected at the 

bright spots of Occator crater and elsewhere [7,9]. 

Five major color units are identified on the basis of 

high-resolution FC color data: bright, bluish, reddish, 

brownish, and dark or lowest reflectivity [8]. These 

color units suggest even more compositional hetero-

geneity on local scales, and it is important to combine 

the FC color and VIR information to shed light into 

their compositions. One outstanding  example is the 

highly localized red FC unit [8] that corresponds to 

organics as interpreted from VIR data [10]. 

Figure 2 shows two sites with bright and dark 

(background surface) materials (e.g., Occator crater 

and Ahuna Mons). The FC color composite image (R= 

0.96, G= 0.75, B= 0.44 µm) is overlaid with FC clear 

filter image, and the FC color spectra and the VIR 

spectra are shown in each corresponding lower panels. 

This example shows the compositional variations 

among the bright and dark materials. The bright ma-

terial at Occator crater is red in FC color, while it is 

bluish at Ahuna Mons. The VIR spectra in the near-

infrared wavelength range also show compositional 

variations. The carbonate and phyllosilicate absorp-

tion band of Occator bright material are at longer 

wavelength, and also stronger compared to other 

bright materials. The carbonate bands at ~3.4 µm and 

~3.9 µm are of particular interest too, because these 

features not only suggest different carbonate mineral-

ogies but may also imply alternate candi-

dates/minerals, for example, organics at 3.4 µm.         

Summary and future work: We intend to study 

the bright and dark materials on a global and local 

scale using both FC and VIR data to shed light into 

the surface compositional heterogeneity. Composi-

tional variations among the bright or dark materials 

will also allow understanding the thermal and aqueous 

alteration processes acting on the surface and near-

subsurface. This study along with morphologic analy-

sis and crater counting will allow us to construct the 

time stratigraphic geologic history of Ceres.  
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Figure 1. FC HAMO color mosaic (R= 0.96, G= 0.75, B= 0.44 µm) of Ceres (~140m/px). 

 

Figure 2. FC color mo-

saic from LAMO orbit 

(~35 m/px) of Ahuna 

Mons (A) and Occator 

crater (B). Gaps in the 

color mosaic are filled 

with clear filter image-

ry. The FC color data 

(middle panels) and 

VIR spectra (lower pan-

els) of the bright mate-

rials and the back-

ground surface of Ceres 

are shown below. 

Markers in the VIR 

spectra represent the 

data points, and the 

solid line indicates the 3 

boxcar averaged 

(smoothened) spectra, 

while the colored boxes 

indicate artifacts in the 

data. The VIR data used 

here are level 1B radi-

ance data from the PDS 

and are further pro-

cessed incorporating 

thermal correction. 
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