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Introduction: The composition of Mercury is still 

poorly known. Earth-based, Mariner 10, and 
MESSENGER spectral observations of Mercury have 
not detected a clear 1µm absorption feature, indicating 
a low ferrous iron content in the silicate minerals 
(<2wt.% FeO) that comprise the surface [1-7]. In con-
trast, numerous authors have hypothesized the pres-
ence of abundant ferrous iron in non-silicate phases 
based on the observed high neutron absorption [8], low 
albedo [9], and spectral variations [4,7,10] of the sur-
face. In the absence of detectable FeO in silicate min-
erals, the candidate darkening materials are limited and 
a Fe-Ti bearing oxide mineral is favored [7,10]. 
Unfortunately, spectra of Mercury’s surface are 
featureless throughout the visible to near infrared, 
making unique identification of minerals and 
estimation of FeO challenging. However insight into 
this problem can be made by applying a new model of 
space weathering to multispectral images collected by 
the MESSENGER spacecraft. 

Space Weathering: Space weathering describes 
the physical and chemical changes to rocks exposed to 
the space environment on an airless body. Impacts of 
micrometeorites, collision of cosmic rays and interac-
tion with the solar wind comminute particles, produce 
aggregates of lithic and mineral fragments welded to-
gether by impact glass (agglutinates) and reduce iron 
on the surface to produce submicroscopic metallic iron 
(SMFe) [11-13]. Noble et al. [13] showed that the size 
of the SMFe influences the spectral effects. Small par-
ticles (<50nm, nanophase iron) darken the spectrum 
and increase the spectral slope (redden) while larger 
particles (Britt-Pieters particles [14]) darken without 
reddening. Lucey and Riner [15] modified the Hapke 
[16] radiative transfer model to include the effects of 
Britt-Pieters particles. Application of that model to 
MESSENGER spectra (MASCS) showed that SMFe is 
much more abundant on Mercury than on the Moon 
[15]. Also, Mercury’s low albedo requires Britt-Pieters 
particles; no amount of nanophase iron and/or opaque 
minerals can account for Mercury’s low albedo at all 
wavelengths. However limited surface coverage of the 
MASCS spectra and ambiguities between the darken-
ing effects of Britt-Pieters particles and an opaque 
component prevented unique model solutions. Utiliz-
ing MDIS images covering a wider range of maturity 
levels and crustal (compositional) units, we aim to 
resolve these ambiguities. 

Crustal Terrains: Three major crustal terrains 
have been identified on Mercury (as well as numerous 
minor units). High reflectance smooth plains (HRP), 
intermediate terrain (IT) and low reflectance materials 
(LRM) span a continuum of bright materials with a 
steep spectral slope to dark materials with a shallower 
spectral slope (Figure 1) [4,7,10]. Blewett et al. [4] 
studied systematic variations in albedo and color ratios 
between these crustal terrains and suggested variations 
in the abundance of an opaque component are control-
ling the albedo and spectral characteristics. Denevi et 

al. [10] modeled the intermediate terrain as a mixture 
of the high reflectance smooth plains with 15 vol% 
ilmenite and the low reflectance materials as a mixture 
of the high reflectance smooth plans and 30 vol% il-
menite (equivalent to 22wt% and 50wt% ilmenite, as-
suming a density of 3.0 g/cc for the nonoxide portion). 

 
Figure 1 – MDIS reflectance spectra corrected to an inci-
dence angle of 30° and emergence angle of 0° (solid lines) of 
the high reflectance smooth plains (HRP), intermediate ter-
rain (IT), and low reflectance materials (LRM) taken from 
Denevi et al. [10] and converted to reflectance factor (ob-
served radiance relative to the expected radiance of an iden-
tically illuminated Lambertian surface) by normalizing to the 
cosine of the incidence angle. Dotted lines are example 
model spectra to each terrain with the parameters listed in 
Table 1. 
 

Methods and Results: Because of the lack of con-
sistent detection of spectral features, we modeled the 
surface of Mercury with four simple components: a 
bright spectrally neutral component representing iron-
free silicates; a dark spectrally neutral component rep-
resenting opaque minerals; nanophase iron particles 
(darken and redden) and larger Britt-Pieters particles 
(darken only). The model is relatively insensitive to the 
precise reflectance of the bright and dark endmembers 
[15]. We explicitly link the mass abundance of Britt-
Pieters particles to the nanophase iron (here called the 
SMFe ratio), assuming Mercury exhibits a general cor-
relation of space weathering related iron as exists in 
lunar soils [17]. 

 Bright Dark npFe BP 
LRM 58 36.1 4.9 1.0 
IT 76 20.4 3.0 0.6 
HRP 87 10 2.5 0.5 
Table 1 – Model parameters (wt%) for example mod-
eled spectra shown in Figure 1. npFe = nanophase iron 
particles, BP = Britt Pieters particles.  

On the Moon the SMFe ratio is approximately 2 
[17]. Since Mercury’s surface temperatures and dust 
flux are higher than the Moon [18], the solar wind en-
vironment more complex and variable [5], and the sur-
face composition is different than the Moon we con-
sider a range of plausible SMFe ratios for Mercury.  
Using the example spectra in Figure 1, we conducted a 
grid search considering all possible combinations of 
component abundances for each SMFe ratio. SMFe 
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values less than 3 are not plausible because they re-
quire more than 25 wt% opaque component in the in-
termediate terrain, inconsistent with neutron absorption 
of the surface [8,19]. Also, we are unable to fit the 
spectra of the high reflectance plains with any compo-
sition for SMFe ratios greater than 8. Thus we consider 
SMFe values between 4 and 8 plausible.  

Higher SMFe ratios result in lower plausible 
opaque component abundances (Table 1) because the 
darkening is achieved with Britt-Pieters particles. For 
all SMFe ratios, lower opaque abundances require 
higher total SMFe abundance. By combining spectral 
models of different crustal terrains, we are constraining 
the plausible opaque abundance, SMFe ratio, and total 
SMFe. Figure 2 shows the abundance of bright com-
ponent, dark component, and total SMFe for a region 
of interest with an SMFe ratio of 7.  

We are unable to match both the albedo and spec-
tral slope of the IT or LRM as a mixture of the HRP 
with ilmenite because unweathered ilmenite is brighter 
than the LRM (all wavelengths) and IT (400-600nm) 
[20]. This suggests that darker crustal terrains exhibit a 
lower albedo not only because of the darkening effect 
of the opaque component itself, but also requires ac-
cumulation of more SMFe in the darker terrains due to 
the increased availability of iron source material. This 
is not surprising, given the difference in SMFe abun-
dance between the lunar highlands are maria. Lunar 
studies normalize the accumulated SMFe to the total 
FeO to compare the maturity of different composi-
tional units. In fact, this observation may help con-
strain the FeO abundance in the opaque component 
(and thus help identify the specific mineral). 
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Figure 2 (right) – The component abundance for the fit spec-
trum for each pixel in a sample MDIS image (flyby 1 depar-
ture image sequence EW0108829678 - EW0108829728C) 
with an SMFe ratio of 7. The image is approximately 250km 
wide.  The black pixels show where the model was unable to 
fit a spectrum for the bright area.  Areas like this will aid in 
uniquely determining model parameters. 
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