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Introduction:  The low albedo of Mercury, com-

bined with the absence of a ferrous iron absorption 
band in near-infrared spectra of the planet's surface, 
suggest that an unknown global darkening agent is 
distributed throughout Mercury's crust [1-4]. While 
carbon has been briefly suggested as a plausible dark-
ening agent by previous authors [2,3], its role at Mer-
cury has not been thoroughly investigated. Opaque Fe- 
or Ti-bearing oxides cannot sufficiently darken the 
Mercurian surface without exceeding constraints on 
iron abundance from the results of Messenger's X-ray 
Spectrometer (XRS) and Gamma Ray and Neutron 
Spectrometer (GRNS) [4-6]. Carbon-bearing materials, 
however, could remain undetected by these remote 
sensing methods while lowering Mercury's reflectance. 
Here we propose that the enhanced cometary flux at 
Mercury, relative to the Moon, delivers substantial 
amounts of excess carbon to the Mercurian surface. 
This elevated abundance in carbon functions as a glob-
al darkening agent while evading detection by availa-
ble spectroscopic methods.  

Cometary Flux at Mercury: Mercury's proximity 
to the sun (a = 0.387) places the planet in the path of 
many more comets than the Earth-Moon system, as the 
number of comets per unit area is inversely propor-
tional to heliocentric distance [7]. In addition, the large 
thermal stresses experienced by comets in the near-sun 
region [8] raises the probability of a near-Mercury 
fragmentation for these icy, organic-rich bodies, which 
contributes an additional flux of cometary material in 
the form of micrometeorite bombardment. 

Past studies on the delivery of cometary material at 
Mercury [9,10] have considered only the contributions 
from short-period (P < 200 yrs.) comets, thereby creat-
ing an impression that the impact probabilities for 
long-period comets are low. In light of the remarkable 
number of sun-grazing comets discovered by the SOlar 
and Heliospheric Observatory (SOHO) since 1996 [8, 
11,12], the contribution of long-period comets to Mer-
cury needs reconsidering. As of early 2013, 2,378 sun-
grazing comets have been discovered by SOHO 
(http://sungrazer.nrl.navy.mil), which is equivalent to 
roughly one new comet every three days. These comets 
are observed between 3 and 20 solar radii from the sun 
(0.014 - 0.093 AU); hence, they are all Mercury-
crossing comets. Although there has not yet been a 
detailed reassessment of cometary flux rates at Mercu-
ry since the discovery of this large group of sungrazing 
comets, the need for such a study has been alluded to 
by workers focusing on asteroidal impactors at Mercu-

ry [13]. Based on past assumptions [7], neglecting the 
contributions of long-period comets could underesti-
mate the cometary impact flux at Mercury by a factor 
of 20. Moreover, the debris shed from each passage 
will increase the delivery of micrometeoroids by sev-
eral orders of magnitude, relative to the Moon. 

Comet Delivery of Carbon: The role of organics 
in impact-generated vapor plumes of cometary compo-
sition has been investigated experimentally at both 
planetary (the Deep Impact Mission to Comet Tempel 
1 and the impact of Jupiter by Comet Shoemaker-Levy 
9) and laboratory scales [14,15]. Evidence for the con-
densation of dark organic material out of impact vapor 
plumes was observed at both Deep Impact [14,16] and 
at Comet Shoemaker-Levy 9 [15]. The addition of 
complex organics to target material in laboratory-scale 
impact experiments was also able to replicate the the 
late stage "blooming" seen at Deep Impact, attributable 
to the condensation of carbon-rich droplets [14]. These 
observed organics are interpreted as products of vapor-
ized and disassociated cometary materials. As comets 
are comprised of 20-25% organic matter [17], there is 
ample material available for the formation of dark, 
carbon-bearing compounds. 

Calculations of water delivery to Mercury by com-
et, asteroid, and interplanetary dust population (IDP) 
sources in [9] can be extrapolated to carbon, by using  
the cometary abundance of organic matter (~25%) and 
noting that, unlike water, carbon does not need to sur-
vive migration to the poles. Including a factor of 20 
increase in the cometary impact rate (from long-period 
sources) results in a mass flux of 8.6 ×1016 g/Myr. 
Globally, this is equivalent to the deposition of 0.115 
g/cm2 of carbon over the past million years, significant 
enough to rapidly darken the upper centimeters of the 
regolith. This flux should be considered a lower limit 
(by orders of magnitude) for three reasons: (1) it is 
based on the pre-SOHO cometary flux; (2) it does not 
include contributions from released dust; and (3) the 
latent heat of carbon is significantly greater than that of 
water, allowing retention of more cometary carbon. 

Evidence for Carbon Deposition at Mercury: 
Any dark deposits resulting from comet-derived car-
bon should be well-mixed into Mercurian regolith by 
impact gardening on relatively short time scales. This 
mixing process is enhanced at Mercury, relative to the 
Moon, due to greater impact velocities [7,13]. In addi-
tion, the effects of space weathering, which are re-
quired (along with an opaque component) to explain 
albedo variations at Mercury [18], erase albedo con-
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trasts between units at a greater rate than at the Moon 
[19,20]. However, relatively young impact craters at 
Mercury should exhibit signatures of carbon-rich vapor 
deposition. One such candidate is the dark deposit 
shown in Fig. 1. The fresh crater indicated by white 
arrow is positioned near the center of a dark and blue-
sloped deposit. The darker blue-colored material trans-
gresses multiple geologic units, ejecta facies, walls, 
and floors of several craters (both large and small), 
consistent with a deposit rather than excavated material 
from below.  Larger craters also surrounded by “blue” 
haloes may preserve ancient cometary impacts and 
their colliding coma gas/dust as well. 
 

Fig. 1. A dark deposit is centered around the young crater 
indicated by the white arrow in this Messenger WAC color 
mosaic. The deposit drapes over the walls of Titian (large 
crater at bottom center). Secondary crater chains emanating 
from Titian (toward NW) also appear to be postdated by the 
deposit. This darkening pattern is consistent with the hypoth-
esized deposition of carbon by an impact vapor plume. Di-
ameter of Titian is 121 km. Credit: NASA/Johns Hopkins 
Univ. APL/Carnegie Inst. of Washington. 

 
The large areal extent of the darkened region, rela-

tive to the fresh crater diameter, is consistent with nu-
merical modeling of cometary impacts at 60 km/s. Cal-
culations were carried out using the CTH hydrocode 
[21]. In the case of a 1 km-diameter active comet (Q = 
8×1026 s-1), the inclusion of a radially-decaying, tenu-
ous gas coma (along with the nucleus) results in spa-
tially extensive, high-temperature interactions of  va-
por phases (and byproducts) with the surface (Fig. 2). 

Remote sensing identification of carbon-bearing 
phases at Mercury may prove difficult, due to the ab-
sence of diagnostic absorptions in the visible-NIR 
spectra of the planet. However, previous lab work on 

the spectra of various organic compounds thought to 
darken comets and asteroids [22] provides clues to the 
effects of phase changes on reflectance and spectral 
slope. Interestingly, the authors in [22] note that expo-
sure of  carbon phases to higher temperatures (causing 
structural or compositional changes) is associated with 
decreasing reflectance and bluing of the slope, both in 
the lab-derived results, and for spectral observations of 
asteroids at various heliocentric distances. Such a phe-
nomenon is consistent with Mercury's spectral charac-
teristics. The high temperature and pressure environ-
ments created by carbon-rich hypervelocity impacts 
combined with rapid quenching [23] also should result 
in the generation of nanodiamonds at Mercury's sur-
face. 
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Fig. 2. Density map  for  1 km-diameter comet nucleus and 
2000 km-diameter coma impacting  at  60  km/s, plotted 
midway  through collision (25 s after initial contact).  
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