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Introduction.
Low albedo C-complex asteroids are typically rather spectrally featureless at visiblenear infrared (VNIR) wavelengths. Roughly half of the low-albedo asteroids in the
main asteroid belt exhibit an absorption feature near 3 µm, indicative of some form of
hydration (OH and/or H 2O). Roughly half of the asteroids with the 3 µm feature also
exhibit a shallow absorption feature near 0.7 µm, attributed to a ferrous-ferric charge
transfer transition likely resulting from aqueous alteration (the interaction of material
with liquid water formed by melting of water upon a heating event) of iron-bearing
phyllosilicates. Some asteroids have spectra that likely do not exhibit these features
due to a history of heating that has been experienced at some point in the asteroid’s
evolution. Despite having little spectral activity in the VNIR, all low-albedo
asteroids exhibit a UV absorption (or UV “dropoff”) at wavelengths shorter
than ~0.5 µ m, attributed to a strong ferric oxide intervalence charge
transfer (IVCT) transition (e.g. Feierberg et al. 1985; Vilas 1995).
We aim to understand what affects the UV part of a low-albedo asteroid spectrum,
and what we can learn about asteroid surface composition and history by observing
deeper into the UV. What are the relationships with space weathering?

1. UV-VIS SPECTRA OF C-COMPLEX ASTEROIDS

3. LAB SIMULATIONS OF SPACE WEATHERING
ON C-COMPLEX ASTEROIDS

varying strengths in UV absorption

2. C-COMPLEX ASTEROIDS VS. CM CHONDRITES
asteroids have weaker UV absorptions than meteorites
… a possible effect of space weathering

Figure 1b. As in Fig. 1a, for the Ch
Figure 1a. UV-visible composite spectra of B-

class asteroids (left) normalized reflectance;
(right) absolute reflectance. SMASS data are
lines; 8-color data are indicated by diamonds;
IUE data (HST for Alauda) are small circles.
Alauda and Interamnia exhibit weak UV dropoffs and a possible absorption band centered
near 0.27µm.

In the laboratory, several experiments have been performed on carbonaceous
chondrites and analog materials to simulate the effects of micrometeoroid
bombardment (via laser irradiation) and solar wind exposure (via ion irradiation).
Gillis-Davis et al. (2015; 2017) performed laser irradiation on Allende (CV2) and
Murchison (CM2) samples and attributed spectral bluing and reddening to the
development of SMFe and metal sulfides (NiS or NiFeS).
Moroz et al. (2004) irradiated hydrocarbons (asphaltite and kerite) with ions of
varying energies and compositions (simulating solar wind bombardment); they
found that the naturally-red organics became less red (0.32–0.9 mm) with
irradiation, attributed to carbonization.
Kaluna et al. (2017) performed laser irradiation on a Mg-rich phyllosilicate (a
lizardite) and on a Fe-rich assemblage of cronstedtite, pyrite and siderite and
found differences in the responses of the samples to irradiation, at wavelengths
0.5-2.5 mm. The lizardite exhibited slight darkening (at 0.57 µm) with irradiation
and a slight reddening (in the 0.57-1.7 µm region), attributed to the production of
npFe. The Fe-rich assemblage darkened much more significantly (at 0.6 µm) and,
after an initial reddening, became bluer in the 0.6-0.75 µm region. They attributed
these results to the production of carbon-rich particles in the Fe-rich
assemblage, produced via a Fischer-Tropsch-type process, catalyzed by the
production of npFe.
Lantz et al. (2017) performed ion irradiation experiments on carbonaceous
chondrites to simulate solar wind weathering, and measured the spectra in the
0.4-2.5 µm region. They found that CO and CV chondrites became darker and
redder (0.55-2.45 µm) with irradiation, attributed to the production of npFe.
Mighei (CM2), Alais (CI1) and Tagish Lake all became brighter and bluer with
irradiation, which was attributed to carbonization.
These examples of laboratory measurements of simulated space
weathering on C-complex-type materials demonstrate that, analogous
to npFe being a weathering product on S-type asteroids,
carbonized/graphitized materials or other opaques are likely to be
present on the surfaces of C-complex asteroids as a result of space
weathering.

asteroids. (left) normalized reflectance;
(right) absolute reflectance. Due to
scatter in the data, it is challenging to
detect significant spectral differences
between these bodies in the UV-VIS.

Figure 2. The UV-VIS composite asteroid spectra
Figure 1d. As in Fig. 1a, for the Cgh

Figure 1c. As in Fig. 1a, for the C-type

asteroids (left) normalized reflectance; (right)
absolute reflectance. These asteroids have
similar spectral shapes in the UV-VIS; Ceres has
the strongest UV dropoff.

asteroids (left) normalized reflectance;
(right) absolute reflectance. The SMASS II
spectrum of 54 Alexandra (dashed red
line) is very similar to the Nemausa
spectrum, with a strong UV dropoff; the
SMASS spectrum of Alexandra does not
display a UV dropoff. This may indicate
spatial variability in surface composition
across Alexandra.

4. THE SPECTRAL EFFECT OF ADDING OPAQUES TO SILICATES

the addition of opaques weakens the UV absorption band
(and darkens the spectrum)

presented in Fig. 1 compared with RELAB spectra of CM
chondrites. The meteorite spectra are colored according
to their spectral characteristics and predominantly
exhibit stronger UV absorptions than the asteroids.
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5. IMPLICATIONS: GIVEN THAT CARBONS
ARE AN EXPECTED WEATHERING PRODUCT (3),
AND THAT CARBONS/OPAQUES DECREASE THE
STRENGTHS OF THE UV ABSORPTION (4),
CARBONACEOUS WEATHERING PRODUCTS
COULD BE THE SOURCE OF VARYING UV-VIS
SPECTRA AMONG C-COMPLEX ASTEROIDS.
6. IMPLICATIONS FOR BENNU & RYUGU:
CARBONS COULD BE THE SOURCE OF THE UV
UPTURNS SEEN IN THEIR SPECTRA (an
alternative to magnetite for Bennu)

Figure 5. Top Row: Examples of the effect, in carbons, of

Figure 3. A selection of laboratory-measured intimate mixtures of phyllosilicates plus various opaques (after Cloutis et al.,
Figure 4. (left) The UV-VIS effect of adding opaques to phyllosilicates: with increased opaque abundances, the reflectance decreases and the strength of the UV absorption

(shown as the 400/350 nm ratio) also decreases (i.e. with increasing opaque content, the reflectance decreases and the UV spectrum becomes less red, or bluer). Graphite,
magnetite and lampblack all have roughly the same effect of decreasing the UV slope; more opaque decreases the slope even more. (middle) The trend is not as
straightforward at VNIR wavelengths. (right) 400/350 nm ratios of mixtures are shown against the opaque abundance in each mixture. Black horizontal lines are the
maximum and minimum 400/350 nm ratios measured in our asteroid set (Fig. 1). By comparing the UV slopes (left panel) with the observed slopes in the asteroids, we can
estimate a range of possible opaque abundances and phyllosilicate types .

2011a,b); absolute reflectances in left column, normalized reflectances in the right column. For all of these mixtures, the addition of
the opaque decreases the UV-visible slope (UV-visible spectrum becomes bluer) and decreases the overall reflectance. Lampblack
(LCA101) is a synthetic amorphous carbon; it is so dark that it barely appears in the absolute reflectance plots. The lampblack
spectra shown here also include data from Applin et al. (2018), with improved SNR at wavelengths <450 nm.

greater levels of graphitization leading to a stronger peak near
250 nm. (left) Terrestrial coals data are from Papoular et al.
(1995) (spectra are offset); after Hendrix et al. (2016a).
(middle) Amorphous carbon (aC) spectra are from Applin et al.
(2018); graphite (GRP102) and lampblack (LCA101) are from
Cloutis et al. (2011a, b) and Applin et al. (2018). Top Right and
Lower: Bennu, Ryugu are compared with carbons of varying
levels of graphitization. Ryugu has shown varying spectra, which
could be indicative of spatial variations in exposure age across the
surface. A graphitized carbon may dominate the UV-VIS spectra
of Bennu and some parts of Ryugu’s surfaces, given their blue
slopes and UV upturns. Bennu data are from LeCorre et al. (2019)
and Hergenrother et al. (2013). Ryugu data are from Sugita et al.
(2019) and Vilas.

