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Introduction: Like the Moon, Mercury is red [1] 

and dark [2] relative to powdered igneous rock.  The 
nature of weathering on Mercury is of interest because 
the environmental and compositional differences be-
tween the two superficially similar planets—Moon and 
Mercury—may aid understanding of the space weath-
ering process.  Mercury’s surface temperatures and 
dust flux are higher than the Moon [3], the solar wind 
environment more complex and variable [4], and Mer-
cury’s surface composition is different than the Moon.    
Yet superficially, spectra of Mercury suggest a gener-
ally lunar-like space weathering process:  Mercury is 
dark, red and near-IR absorption bands are either ab-
sent or subdued to the point of invisibility [5]. 

The optical effects of exposure of lunar materials to 
space are well characterized by inspection of lunar 
samples (e.g., 6) and similar effects are expected on 
Mercury and proposed for asteroids.  In the lunar case 
perhaps the most notable effect is strong reddening of 
lunar materials relative to powdered lunar rocks.  
There is consensus that this is due to the optical influ-
ence of extremely fine grained (10’s of nm), nearly 
spherical particles of iron that occur in rims on mineral 
grains generated during micrometeorite impact and 
sputtering [7; 8; 9).  Noble et al. [2007) [10] studied 
the effect of very fine-grained iron metal experimen-
tally by preparing silica gel samples infused with fine 
grained iron and these showed lunar-like optical effects 
and characterized the influence of nanophase iron par-
ticle size and abundance.  Hapke (2001) [11]used Max-
well-Garnett equivalent theory to combine the optical 
properties of iron metal with the optical properties of 
the host lunar material to successfully produce the red-
dening and darkening effects observed using the 
optical influence of the fine-grained iron. Nano-
phase iron particles are clearly important in under-
standing space weathering on the Moon and by ex-
trapolation elsewhere, but by mass the major product 
of lunar space weathering are glass-welded aggregates 
of minerals called agglutinates [13]. formed by local 
melting of lunar soil during micrometeorite impact. 
Agglutinates can comprise up to 60 percent of lunar 
soil, and about half of each agglutinate by mass is 
dark, relatively spectrally neutral impact melt glass.  
Agglutinate glass is rich in tiny iron grains, but TEM 
imaging shows these particles to be much larger than 
those in the vapor/sputtering rims [14] presumably the 
agglutinate glass iron spheres are formed from the iron 
metal in the vapor deposited rims that have aggregated 
during the melting process.  This darkening without 
reddening is consistent with the darkening due to iron 
particles in shocked chondrites [15].  

Lucey and Noble (2008) [12] showed that the 
Hapke (2001)[11] treatment could reproduce the spec-
tral properties of silica gels infused with nanophase 
iron particles [10]if the particles are small, but the 
model departs steeply from measurement when the 
iron inclusions are larger.  Lucey and Riner (2010) 
[16]  produced a new formulation that uses Mie theory 

to model the effects of particles at any size.  For parti-
cles smaller than the wavelength the treatment pro-

 
Figure 1 Best fit of the treatment developed by Lu-
cey and Riner (2010) to the spectra of iron-infused 
silica gels of Noble and Pieters (2003) with the larg-
est iron particle sizes.  The model matches the spec-
tral behavior at all wavelengths. 

 

Figure 2 Dependence of reflectance on particle size of 
submicroscopic iron for a bright host (single scattering 
albedo of 0.99) with 0.5 wt.% submicroscopic iron.  
The smallest size shown, 50 nm, shows conventional 
space-weathering effects, darkening and reddening.  
With increasing size the spectral properties change to 
Britt-Pieters behavior with the transition occurring at 
wavelength equal to the Rayleigh parameter of πD/λ,  
where D is the diameter of the submicroscopic iron. 
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duces effects essentially identical to that of Hapke 
2001, but captures the transition of spectral behavior 
from darkening and reddening at small sizes, to dark-
ening only at larger sizes. 

The model quantitatively reproduces the abundance 
of iron in the Noble et al. data.  We also tested the 
model against the Lunar Soils Characterization Con-
sortium data [e.g.17] that also has measurements  [18] 
of nanophase iron (<33 nm) and larger particles (>33 
nm) that roughly corresponds to the 50 nm transition 
size shown in the Noble data and reproduces both the 
slope and reflectances of these soils using the Morris 
(1980) [18] abundances. 

Application to Mercury: Recent flybys of Mer-
cury by the MESSENGER spacecraft yielded the first 
high spatial resolution UV, visible and near-IR spectra 
of the surface of Mercury, obtained by the Mercury 
Atmosphere and Surface Composition Spectrometer 
(MASCS) [19].  The first two flybys of Mercury 
yielded respectively 651 and 385 spectra of the sur-
face, covering a diverse set of terrains along lengthy 
equatorial traverses [19].  McClintock et al. (2007) 
[19]provided initial analysis of the data from the first 
flyby, showing—like previous measurements—
Mercury’s surface lacks a detectable near-IR absorp-
tion due to ferrous iron in silicates.  

Here we model the surface of Mercury with four 

simple components: a bright spectrally neutral compo-
nent representing iron-free silicates; a dark spectrally 
neutral component representing opaque minerals; 
submicroscopic iron smaller than the wavelength that 
obeys the Hapke (2001) treatment (here “nanophase 
iron”); and submicroscopic iron larger than the wave-
length (per the treatment of [16]. Using this forward 
model, we fit all the MESSENGER spectra obtained 
during the first two flybys.  To fit a MESSENGER 
spectrum, the compositional input parameters of the 
forward model are incrementally adjusted to improve 
the fit to the measurement using gradient descent to 
minimize the difference between the model and meas-

ured spectra. 
Under a variety of assumptions we find that the 

typical nanophase iron abundance smaller than the 
wavelength is about 0.5 wt. %, and iron particles larger 
than the wavelength is about 3 wt %.  In comparison 
the abundance of < 33nm particles peaks at 0.2 wt. % 
in lunar soils, and particles > 33nm peaks at 0.6 wt. %.  
The average size ratio of large (darkening) to small 
(reddening) particles on the Moon is just over 2, while 
in our results the ratio is over 6. 

We interpret the higher abundance of iron in both 
size ranges, and the larger ratio of large to small iron, 
to more intense space weathering on Mercury, at least 
with respect to overturn rates that can sequester soil 
from weathering at the surface.  Mercury’s higher dust 
impact velocity produces more vaporization and melt-
ing [3] that will promote both vapor deposited coat-
ings, and reprocessing of previously produced coatings 
into glasses rich in larger iron grains.   
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Figure 3.  Average of spectra of Mercury obtained 
during flyby 1 with incidence angles less than 20 de-
grees (fine irregular line with points) and average of 
fits to that set of spectra (solid line).  The albedo and 
shape of the spectrum is well matched by the model. 
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