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Introduction:  The Dawn mission has spent over a year 

orbiting Ceres, assessing the characteristics  of its  sur-

face [1].  The average surface is shown to consist of hy-

drated silicates, ammoniated phyllosilicates, carbonates 

and opaques [2, 3,4]. A shallow ~3.3-3.5 µm multicom-

ponent band is exhibited in all the spectra both from  

ground and acquired by VIR, the visible and infrared 

mapping spectrometer on board on the Dawn mission 

[1,5]. This band can account for absorptions  of ammo-

niated phyllosilicates, carbonates and organics. Here we 

report about discovery of a distinctive signatures at 3.3-

3.5 µm [6]  in a large region of ~1000 km2 close to Er-

nutet crater (Lat ~53°N, Lon 45.5°E, diameter 53.4 km, 

Fig.1).  

 

 
 

Figure.1 Ernutet crater is the largest crater in the image. 

Image taken from FC during HAMO orbital phase at a 

resolution of about 138 m/pix. 

 

Observations: This region exhibits a very promi-

nent 3.3-3.5 µm band (Fig.2), distinct from the sur-

rounding surface. We used the Visible and InfraRed 

Mapping Spectrometer (VIR) onboard the Dawn space-

craft to observe the Ernutet region at different spatial 

resolutions, from a maximum altitude of  4,300 km over 

the mean surface of Ceres (nominal spatial resolution of 

~1 km) down to a minimum altitude of  385 km (nomi-

nal spatial resolution of  ~100 m). 

 
 

Figure 2. Example spectra acquired by VIR in the 

Ernutet region. Red-line: organic rich spectrum;  gray-

line: generic spectrum acquired in a region several  km  

eastward  from Ernutet. 

 

The main candidates for a distinct 3.4 µm absorption 

band are materials containing C-H bonds, including a 

variety of organic materials, such as hydrogenated 

amorphous carbon, complex residues produced by the 

irradiation of different ices  [7,8]. 

The Ceres band at 3.3-3.5 µm shows marked simi-

larities with the organic bands of terrestrial hydrocar-

bons, like asphaltite and kerite, considered to be ana-

logues for asteroidal and cometary organics [7].  It is 

also very similar to the organic 3.4 µm observed in In-

soluble Organic  Matter (IOM) extracted from the car-

bonaceous chondrites [8]. 

The overall characteristics of the 3.3-3.5 µm band 

(shape, position, intensity)   discovered on Ceres indi-

cate unambiguously the presence of organic material on 

this  dwarf planet.  

 

Distribution  and amount of the organics: The   

prominent 3.3-3.5 µm band Ceres are mainly found 

across a broad re2,gion in the northern latitudes, gener-

ally above 45°N and between 20° and 90°E longitude. 
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These areas also exhibit a red spectral continuum slope 

in the visible range [9,10].  

The highest concentration is close to and within Er-

nutet crater. Ernutet crater is a 53 km diameter impact 

crater. It is partially degraded and has no identifiable 

ejecta blanket.  Several others  smaller areas showing 

the 3.4 µm organic band occur a few km west and east 

of the crater.  

Organic-rich  areas near Ernutet also often exhibit 

other differences relative to the average Ceres surface 

[6]. Variations in the depth of a carbonate band at 3.9 

µm indicate an enhancement of carbonate along the 

south-west Ernutet rim and perhaps ejecta, although 

other organic-rich areas in Ernutet do not show any car-

bonate enhancement. Similarly, distribution of the am-

moniated species suggest an increase possibly corre-

lated with organic rich areas in Ernutet. 

Searching for organic bands globally across Ceres is 

hampered by the fact that the 3.2-3.5 µm spectral region 

partially overlaps the bands for ammoniated phyllosili-

cate and carbonate minerals. However, we found an ad-

ditional very small  area for which spectra are compati-

ble with detectible organic material in the equatorial re-

gion in Inamahari crater (Lat 10°N; Lon  89°E). This 

area is about 400 km distant from Ernutet, thus the 

source for the organics in these two regions must be dis-

tinct.  

The amount of organics in Ernutet can be estimated us-

ing a using a nonlinear mixing algorithm [11]. The best 

fits are obtained by an intimate mixing of  ~4-9% of 

hydrocarbons with typical background Ceres material. 

The abundance of organics depends on the spectral 

end-member used in the fitting procedure.  

 

Origin: The large concentration of organic materi-

als discovered in the Ernutet region has two possible or-

igins: delivery of foreign organic material from an ex-

ogenous source or an endogenous source associated 

with processes on Ceres.  

An organic-bearing impactor might be a viable 

source. However, the organic 3.4 µm band in carbona-

ceous chondrite meteorites is weaker than their phyllo-

silicate 2.7 µm band, whereas at Ernutet the 3.4 µm 

band dominates the spectrum. Moreover, typical impact 

mixing distributes the projectile material  within a di-

luted matrix. Thus the 3.4 µm absorption of a carbona-

ceous chondrite impact is further weakened and difficult 

to  reconcile with the observed abundance.  A comet 

could be a more concentrated source of organics, but  

the typical high  velocity of the impact and the corre-

sponding energy release should have mostly removed 

organic species. Thus, a chondritic or cometary im-

pactor is currently not able to explain the observed or-

ganic signature.  

The organic-rich areas appear to sometimes be 

mixed with additional carbonate and ammoniated spe-

cies, at least close Ernutet [6]. Carbonates and ammoni-

ated phyllosilicates are believed to be Ceres' endoge-

nous materials [2,3,4]. Delivery of these Ceres-like min-

eralogy  by an impactor of different composition is dif-

ficult to conceive.  Alternatively, delivery of the or-

ganic-rich material may have exposed areas with en-

hanced endogenous carbonate and ammoniated species. 

Nevertheless, since Ceres shows clear signatures of per-

vasive hydrothermal activity and aqueous alteration 

[ref], the organic rich  areas might also be the result of 

internal hydrothermal processes.   

 

Conclusion:   The imaging spectrometer VIR 

aboard of the Dawn mission reports the clear detection 

of an absorption at 3.4 µm on dwarf planet Ceres. The 

strong absorption band  is characteristic of the presence 

of organic matter. The existence on  Ceres of a mixture 

of ammonia-bearing hydrated minerals, water ice, salts 

(ref), and organic material indicates a complex chemical 

environment that could allow the formation of prebiotic 

molecules. The distinct mineralogy of this dwarf planet,  

makes it a primary target for exobiological future stud-

ies.  

 

Acknowledgments The Visible and Infrared Map-

ping Spectrometer (VIR) was funded and coordinated 

by the Italian Space Agency and built by SELEX ES, 

with the scientific leadership of the Institute for Space 

Astrophysics and Planetology, Italian National Institute 

for Astrophysics, Italy, and is operated by the Institute 

for Space Astrophysics and Planetology, Rome, Italy. 

Part of this work  has been done at JPL.   

 

 

References: [1] Russell et al., (2016) Science, 353 

(6303) 1008-1010. [2] De Sanctis et al., (2015) Nature 

528, 241–244. [3] Ammannto et al. (2016) Science, 353 

aaf4279. [4] De Sanctis et al., (2016) Nature 536, 54-

57. [5] De Sanctis et al.,  SSR, 163, 329–369, 2011. [6] 

De Sanctis et al., (2017) Science, in press. [7] Moroz et 

al., Icarus 134,  253-268, 1998. [8] Orthous-Daunay et 

al.,  Icarus 223, 534–543, 2013. [9]  Pieters et al.,  LPSC  

2017. [10] Nathues et al. (2016) Pl. Sp. Sci., 

dx.doi.org/10.1016/ j.pss.2016.10.017. [11] Raponi et 

al.,  MNRAS, 10.1093/mnras/stw3281, 2017 

 

 

1493.pdfLunar and Planetary Science XLVIII (2017)


