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Introduction: The albedo of Mercury is remarkably low in 
the visible to near-infrared (VIS-NIR), considering the low 
abundance of iron and titanium, as indicated by the 
MESSENGER XRS (X-ray Spectrometer) [1]. Iron, titanium and 
carbon are the most cosmochemically abundant elements that 
contribute to strong absorptions at these wavelengths. Previously 
carbon was considered an unlikely darking agent for Mercury 
because it is preferentially sequestered into the core during 
differentiation and lost through volitization during volcanic 
eruptions [2]. Thus, Mercury’s opaque agent remains unknown. 

Mercury’s surface should experience more intense space 
weathering than the Moon [3]. Lucey and Riner, 2011 [4] and 
Riner and Lucey, 2012 [5] suggest that immature craters on 
Mercury have many times more space weathering derived 
darkening products than average returned lunar soil samples.  If 
this is the case, even the more immautre surface on Mercury have 
still experienced substantial space weathering. These results are 
consistent with the XRS iron abundances but rely on almost 
100% efficient conversion of iron present in the native rock into 
space weathering derived products.Alternatively Bruck Syal et 
al., 2014 [6] proposed the delivery of cometary carbon to 
Mercury could be substantially higher than the Moon and that 
such materials could be efficiently retained due to low impact 
velocities of cometary micrometerorites. Previous objections to 
carbon as the darkening agent on Mercury do not apply to this 
proposed exogeneous source of carbon. Furthermore Bruck Syal 
et al. showed than impact generated agglutinates are darkened by 
carbon and the spectral effects are consistent with observations of 
Mercury. 

Radiative Transfer Modeling of Cometary Carbon: 
Previous radiative transfer models of Mercury [4-5] assumed a 
spectral neutral opaque component of 4-5% reflectance 
contributed, along with space weathering, to darkening 
Mercury’s surface. The darkenest common opaque minerals have 
4-5% reflectance for particles of 10-20 µm in the VIS-NIR. If the 
carbon bearing particles are delivered via an exogeneous source, 
there is no reason to assume they would bear the same particle 
size distribution of the endogenous regolith. Allowing the particle 
size of the opaque component to vary independently of the 
transparent component dramatically reduces the abundance of 
space weathering derived products required to sufficiently darken 
Mercury’s surface. The increase in surface area due to smaller 
grain sizes increases the effect of a similar abundance of opaque 
component. In fact, the need for space weathering derived 
darkening products in spectra of immature Mercurian craters can 
be eliminated by adjusting the grain size of the cometary carbon. 

Conclusions: New modeling incorporating hypothesized 
cometary carbon [6] at smaller particle sizes dramatically affects 
the inferred abundance of space weathering derived products on 
Mercury. Improved understanding the identity and origin of the 
opaque component on Mercury is key to understanging the 
composition, geologic history and space weathering effects on 
Mercury which in turn is key to understanding the compositional 
and environmental effects on space weathering throughout the 
solar system. 
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