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Introduction: We have acquired Keck/NIRSPEC 

disk-resolved infrared observations of Ceres over three 
half-nights in June 2014 with global coverage. This is 
the first global mapping of spectral units in the 
shortwave infrared (2.2-4.1 µm). These data comple-
ment and supplement existing shortwave infrared data 
sources for Ceres and provide an opportunity to review 
key findings and key questions in advance of the ex-
ploration of the Dawn spacecraft, in particular its VIR 
imaging spectrometer [1].  

Composition and Spatial Variability of Ceres, 
Key Knowns and Unknowns: Recently, [2] provided 
an excellent review of all telescopic datasets from 
Ceres. Visible/near-infrared (VNIR) spectra show a 
subtle absorption near 0.6 µm [3, 4] that may be due to 
magnetite or charge transfer in Fe-bearing phyllosili-
cates, and Hubble color images show modest spatial 
variability. Of particular significance are data at SWIR 
wavelengths which, arguably, reveal the most 
information on composition. Ceres is anomalous 
spectrally, distinct even from other hydrated 
asteroids with ices or hydrated minerals [5]. 
Ceres’ SWIR spectra (and those of two other 
asteroids, 10 Hygiea, and 324 Bamberga) pos-
sess a 3.05-µm absorption feature, uncommon 
for asteroids, which has been proposed to be an 
indicator of some or all of 

(a) Water ice [6] with irradiated organics [7]  
(b) NH4-bearing phyllosilicates (hydrat-

ed/hydroxylated aluminosilicates) [8] 
(c) Iron-rich serpentine, cronstedtite (a hy-

droxylated aluminosilicate) [9] 
(d) the Mg-hydroxide, brucite [10] 

Additionally, faint absorptions near 3.3-3.4 µm 
have been proposed to be carbonates [9, 10], 
though organic compounds also have absorp-
tions at these wavelengths.   

Whether the hydration signature of Ceres is 
due to primitive early solar system materials at 
the surface (carbonaceous chondrite-like), het-
erogeneous patches of ice, hydrated minerals of 
various proposed compositions, or a thin atmos-
phere remains a subject of intense debate. The 
answer is important for understanding the histo-
ry experienced by this body, its chemistry, and 
its bulk water content. For example, if the Ceres 
surface is comprised of a serpentine-carbonate-

brucite assemblages found as large, regional-scale 
rocky units, this would imply hydrous crust that 
formed in the interior by hydrothermal/metamorphic 
silicate-water chemical reactions but rose to the sur-
face in diapirs. The buoyancy is driven by density con-
trast with anhydrous silicates; heterogeneities in spatial 
distribution should be observed in this scenario. In 
contrast, Fe,Mg-phyllosilicates like smectite clays and 
some serpentines are found in undifferentiated carbo-
naceous chondrite material. If found in the walls of 
large impact basins, i.e. at depth, this would imply 
Ceres did not fully melt. If, on the other hand, the 
OH/H2O signature observed telescopically is instead 
due to ice and organics, this might imply a later deliv-
ery process, with more material collecting at the colder 
poles.  

The essential measurements required to distinguish 
between these compositional possibilities are high 

Figure 1. Prior telescopic SWIR observations show similar spectra 
with some subtle differences that influence the interpretation of the 
data, including differences in the width of the 3.05-µm feature 
(shaded gray) and the presence/absence of weaker absotpions from 
3.2-3.9 µm. We will compare our NIRSPEC dataset with those from 
[7, 10], including exploration for spatial heteorgeneties across Ceres’ 
surface that may be responsible for variability in spectral properties. 
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spectral and spatial resolution IR data that allow re-
solving absorption center positions, band shapes, and 
band widths with high confidence and mapping their 
spatial locations.  

Methods: To search for heterogeneities with lati-
tude and longitude, observations of Ceres were ob-
tained over three consecutive half-nights using 
NIRSPEC [11]. For each observation, approximately 
12° of Ceres was imaged, in three separate wavelength 
ranges, collectively extending from 2.25-4.16 µm. 
Because of continual rotation, a slightly different por-
tion of the planet was in view for each wavelength 
range. We chose nearby stars for calibration. Initial 
data reduction was performed using routines that sub-
tract adjacent pairs of images, correct for the curvature 
in the spatial and spectral dimensions of the spectro-
graph, fit and subtract residual line emission, and op-
timally extract the remaining spectrum. 

Results & Review: Now with >3 independent 
SWIR spectroscopic measurements of Ceres, including 
our NIRSPEC spatially resolved data, we will explore 
to what extent the Ceres’ spectral properties are con-
sistent across instruments, acquisition dates, and sub-
sets of the Ceres surface targeted for study (e.g., Fig. 
1), searching for latitudinal and longitudinal spectral 
variability. We have observed some initial spatial vari-
ability between the brightness at Ceres’ north and 
south poles at long wavelengths (3.7-4.0 µm) (Fig 2). 
This may be due to a temperature asymmetry (cause 
unknown) or a compositional difference. We are refin-
ing atmospheric and thermal corrections to quantify 
these effects and will present fully calibrated spectra. 

 

 

Figure 2. Image data 
from the NIRSPEC 
spectrograph (x: cross-
section across Ceres, 
y: wavelength) show an 
asymmetry in bright-
ness with less incident 
radiation from the 
south pole of Ceres. 
This may be due to a 
decrease in the contri-
bution to the spectrum 
from thermal emission 
(lower temperatures at 
one pole) or a differ-
ence in surface com-
position.  
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