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Introduction: Abiotic organic material exists on a 
variety of objects in the solar system, most notably the 
parent bodies of carbonaceous chondrites and presum-
ably other primitive bodies. Recently, the remote de-
tection of aliphatic organics on the dwarf planet Ceres 
by near-infrared reflectance spectroscopy has spurred 
discussions about how this method may be used to 
constrain attributes of organic compounds on planetary 
surfaces [1,2]. The abundance and composition of the-
se organics, for instance, could have implications for 
Ceres’ thermal and chemical history [3,4]. We present 
laboratory spectra of carbonaceous chondrite (CC) 
meteorites and insoluble organic matter (IOM) extract-
ed from those meteorites as spectral analogs to organ-
ics on primitive bodies such as Ceres.  

Previous work on laboratory reflectance spectra of 
organic-bearing sedimentary rocks has provided in-
sight into the relationship between spectral properties 
of aliphatic compounds and their composition [4] and 
abundance [5]. In particular, absorptions near 3.4 µm 
due to aliphatic C-H bonds, features that were also 
used to identify organics on Ceres, were observed even 
in sedimentary rocks with low organic abundance 
and/or mature organics (more aromatic than aliphatic), 
though detection limits do exist [4]. Absorptions due to 
C-C bonds, aromatic C-H, and C-N, however, were 
absent or weak in spectra of bulk rock powders [4].  

Compared to many organic-bearing terrestrial 
rocks, reflectance spectra of CC meteorites have ex-
tremely low albedos but still show features associated 
with aliphatic C-H, phyllosilicates (serpentines, sapo-
nite), carbonates and possible sulfates, magnetite and 
other Fe-bearing phases [e.g., 6]. Spectral parameters 
(e.g., band depth) have been linked to OH/H2O and 
clay abundance [7,8], which are in turn related to 
aqueous alteration that occurred in the CC parent bod-
ies. A spectral parameter that is correlated with H/C of 
IOM may be a way to characterize thermal alteration 
via spectroscopy [9]. 

Visible-near IR spectrometers on the OSIRIS-REx 
and Hayabusa2/MASCOT missions will help to char-
acterize the surface compositions and extents of aque-
ous alteration of C-type asteroids, and will be able to 
take advantage of such methods. The Dawn VIR in-
strument covers a similar wavelength range and has 
collected numerous spectra for Ceres, which may be 
akin to an aqueously evolved CC, and these data pro-
vide an early opportunity to apply laboratory spectra of 

bulk CCs and their IOM to the analysis of organic-
bearing spectra from a planetary surface.  

Methods: IOM Spectra: Reflectance spectra (0.35 
– 25 µm) were collected of 27 IOM samples using the 
bidirectional reflectance and FTIR spectrometers in 
RELAB at Brown University. Each sample was meas-
ured >3 times to estimate the standard deviations of the 
reflectance values (i.e., a measure of sample heteroge-
neity). The IOM was extracted in previous work and 
elemental and isotopic abundances were measured [9-
11] using methods reported in [9]. Although the IOM 
was not sieved, the particulate samples were imaged 
and reveal very fine particle sizes (<< 50 µm). IOM 
spectra were analyzed for band depth, compared with 
spectra of their bulk CC hosts, and used in a fitting 
model applied to spectra of the bulk samples. 

C Meteorite Spectra: The CC spectra used in this 
study were extracted from the RELAB database and 
come from previous studies by other researchers. In 
total, 92 spectra of 65 distinct CCs were used. Spectra 
were chosen for meteorites with known IOM elemental 
compositions and, where possible, bulk elemental 
properties, with the acknowledgement that different 
sample aliquots may lead to heterogeneity between the 
spectral and compositional measurements.  

Application to Ceres: Spectral image cubes of 
Ceres from the Dawn VIR instrument were examined 
for evidence of a strong 3.4 µm feature. One spectral 
image, taken over Ernutet crater, was modeled using 
methods similar to [1] but with our laboratory-
measured IOM as a spectral endmember. 

Results: Laboratory Measurements: Despite over-
all dark spectra (albedo < 0.03), the 3.4 µm absorption 
is observed for IOM with a H/C ratio greater than ~0.3. 
The absorption strength (band depth) increases with 
increasing H/C ratio, which corroborates similar find-
ings from sedimentary rocks and isolated kerogens, 
though kerogens have greater band depths at all H/C 
values (Fig. 1). The ratio of the 3.4 µm band depth 
(aliphatic C-H) to the 3.28 µm band depth (aromatic C-
H) is linearly correlated with H/C; both kerogens and 
IOM fall on the same trend line for band ratio vs. H/C 
despite differences in albedo and overall band strength 
between the two organic types. 

The band depth at 3.4 µm in the bulk meteorites re-
flects both the H/C of the IOM and the concentration 
of IOM in the mineral matrix. As a result, there is no 
direct relationship between 3.4 µm band depths in 
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IOM and their corresponding CCs. There are weak 
relationships between the position and depth of the 3 
µm H2O/OH absorption and H/C, and further study of 
spectral features related to aqueous alteration is ongo-
ing.  

Application to Ceres: Based on the meteorite spec-
tra, we expect that the organic spectral signature on 
Ceres will reflect both composition and abundance of 
the organics. Compared to IOM and bulk CC spectra, 
the 3.4 µm absorption observed near Ernutet on Ceres 
is strong (band depth at 3.4 µm > 0.1 on Ceres, vs. 
band depths < 0.1 for the laboratory samples). This 
strong 3.4 µm absorption suggests that the organics on 
Ceres may be more aliphatic (higher H/C) or more 
abundant than in existing C chondrites. The Ceres 
spectrum also has absorptions near 3.1 µm and 4 µm, 
which are not observed in the CC spectra, but that are 
seen for other C-type asteroids [12]. 

Spectra of pure organics (IOM, kerogen) and an 
average Ceres spectrum (reflecting Ceres’ mineral 
composition without organics present) were used to 
model the organic-rich regions on Ceres. The spectral 
abundance of IOM/kerogen predicted for the organic-
rich regions is dependent on the H/C composition of 
the spectral endmember. If the organics on Ceres’s 
surface are similar to kerogen, there is a range of ~5% 
abundance for H/C =1 and up to ~15% abundance for 
H/C = 0.3. If the organics on Ceres’s surface are simi-
lar to IOM, there is a range of ~45% abundance for 
H/C = 0.8 up to ~65% abundance for H/C = 0.3. In all 
cases, a higher organic abundance is predicted when 
IOM is used in the spectral model instead of spectra 
for terrestrial organics 

Origin theories for organics on Ceres should con-
sider these model results. If the organics are endoge-
nous [1,3], then their localized nature and high abun-
dances (if organics are IOM-like) must be explained. 
One possibility is that aliphatic organics were wide-
spread on Ceres but have been aromaticized through 
space weathering, bombardment, radiation, or other 
processes and are no longer detected with infrared 
spectroscopy and only recent exposures of aliphatic 
material are observable in VIR data. However, it is still 
difficult to explain >50% organic abundance (CCs 
have up to ~4 wt.% total organic carbon) or, alterna-
tively, why organics on Ceres would be more spectral-
ly similar to terrestrial kerogen than IOM. 

Conclusion: IOM and C meteorite spectral fea-
tures, most notable the 3.4 µm aliphatic C-H absorp-
tions, reflect organic composition. Using IOM and 
other organic spectra as endmemebers, models predict 
moderate (0 – 15% kerogen) or high (45 – 65% IOM) 
abundance on the surface of Ceres. The abundance of 
organics estimated from spectral models is highly de-

pendent on the spectral endmember, and any discus-
sion of abundance, therefore, must also include a dis-
cussion of (or assumption about) organic composition. 
This work has implications for upcoming missions to 
primitive asteroids, and returned samples can help to 
further constrain spectral models applied to planetary 
surfaces. 
References: [1] De Sanctis, M. C. et al. Science 355, 719–
722 (2017). [2] Pieters, C. M., et al. Meteorit. Planet. Sci 
Forthcoming, (2017). [3] McSween, H. Y. et al. Meteorit. 
Planet. Sci (2017).  [4] Kaplan, H. H. & Milliken, R. E. (In 
Review). [5] Kaplan, H. H. & Milliken, R. E. CCM 64, 167–
184 (2016).[6] Cloutis, E. A. et al. Icarus 212, 180–209 
(2011). [7] Beck, P. et al. GCA 74, 4881–4892 (2010). [8] 
McAdam, M. M. et al. Icarus 245, 320–332 (2015). [9] Al-
exander, C. M. O’D., et al. GCA 71, 4380–4403 (2007). [10] 
Alexander, C. M. O’D. et al. GCA 74, 4417–4437 (2010). 
[11] Alexander, C. M. O’D. et al. Meteorit. Planet. Sci 49, 
503–525 (2014). [12] Takir, D. & Emery, J. P. Icarus 219, 
641–654 (2012). 

 
Fig. 1: H-C vs. band depth for IOM 
 

 
Fig. 2: Maps over Ernutet crater, Ceres with predicted 
organic abundances using different meteoritic organic 
spectral endmembers: QUE 97008 IOM with H/C of 
0.38 (left) and GRO 95577 IOM with H/C of 0.79 
(right). 
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