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Introduction: Imaging spectroscopy is one of the 
most powerful methods to characterize the surface of 
Mars, either from orbit or in situ using rovers. These 
observations have shown that iron chemistry and min-
eralogy dominates most of the surface processes. We 
have described in [1] a laboratory experiment in which 
elemental iron particles have been exposed to weather-
ing in a simulated (CO2 + H2O) Martian atmosphere, 
using conditions close to those originally present on 
Mars. We present here the visible and near-infrared 
spectra of the alteration products obtained during these 
iron weathering experiments. Our main objective is to 
study the evolution of the iron spectral features during 
weathering, with a particular interest in the evolution 
of the oxidation state of the iron from 0 to III. More-
over, as the alteration products are fully characterized 
in terms of mineralogy, grain size, and composition, 
we can examine the effects of these parameters on the 
resulting spectral features.  

Protocol: 10 g of iron powder was put in a dessic-
cator previously filled with 1L of pure water. The des-
iccator was then equilibrated with gaseous CO2 at the 
initial pressure of 0.8 bar and the temperature was con-
trolled to remain in the range 15-20°C. Samples were 
taken at 40, 75, 117, 173, 259,  411, 520 and 805 days 
and then analyzed with X-ray diffraction and Rietveld 
refinement to determine the mineralogical composition 
at each step (Fig. 1). Reflectance spectra of the corre-
sponding samples have been acquired  in the 0.7 to 4.7 
µm spectral domain (Fig. 2). 

Results: Elemental iron α-Fe undergoes a strong 
evolution with about 75% of the initial mass converted 
into secondary products after 259 days and almost no 
further evolution until 805 days (Fig. 1). The first 
phase to appear was siderite (FeCO3), which was al-
ready observed after ~40 days. Siderite is unstable in 
the experimental conditions and transforms progres-
sively into goethite (α-FeOOH). In addition, the trans-
formation of siderite into goethite involves ferrihydrite 
as an intermediate phase. This ferrihydrite can become 
itself a dominant product, mainly depending on the 
transformation kinetics of each phase. 

Two main features are observed in the reflectance 
spectra, corresponding to two deep absorption bands 
located at 0.9 and 3.1 µm, respectively the iron band 
and the hydration band (Fig. 2). The spectral evolution 
of the 0.9-1 µm band is shown in Fig. 3. A global in-
crease of the reflectance with time is observed (fig. 
3a), probably resulting from a general decrease of the 

grain size. Fig 3b shows that the band depth increases 
significantly with time, whereas the continuum slope 
decreases (Fig 3c). The iron band of the 40 days sam-
ple is quite complex, showing two different absorp-
tions bands: one at 0.87 µm, related to Fe3+ and one 
near 1.00 µm, related to Fe2+. This is consistent with 
the presence of a siderite and ferrihydrite mixture. In 
addition, while the band located at 1.0 µm disappears, 
the Fe3+ band shifts towards longer wavelengths, i.e. 
from 0.87 to 0.92 µm. This is consistent with the de-
stabilization of siderite and the evolution from ferrihy-
drite to goethite. It is particularly interesting to note 
that the wavelength position and band depth parame-
ters are directly linked to the evolution of the metal 
iron in the samples (Fig. 4). 

The 3.1 µm region of the spectra, which is sensi-
tive to the presence of water, evolves significantly with 
time. This hydration band, which was not present in 
the initial Elemental iron α-Fe sample spectrum, is 
present in the altered samples as early as 40 days after 
the start of the experiment, indicating hydrated phases 
(Fig. 2). A continuum removal process emphasizes the 
increase of the 3.1 µm band depth with time, corre-
sponding to an increase in water content.  

Discussion: Laboratory spectra of pure goethite 
and siderite present characteristic absorption features, 
which can theoretically be used to discriminate be-
tween these two minerals. However, the powder spec-
tra do not show explicitly the very deep bands between 
3 and 4 µm which are characteristic of pure siderite, 
particularly for the early samples on the experiment 
(which still contain siderite according to X-ray diffrac-
tion and Rietveld refinement). Only very subtle fea-
tures consistent with a siderite or goethite component 
are present between 3.2 and 4.4 µm. The lack of broad 
siderite features in spectra could be explained by three 
effects: 

- First the particle size which was measured to be 
less than 1.0 µm. This is very close to the wavelength 
range. A general effect of decreasing the particle size 
of the sample is increasing the albedo and decreasing 
the contrast of any well-resolved spectral feature.  

- Secondary coatings of goethite and ferrihydrite 
may also be responsible for hiding the global signal of 
siderite. Therefore siderite contents as high as 20 wt% 
can be spectrally masked by other phase, which erase 
not only the spectral bands but also the global shape of 
the spectrum.  
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- The quantity of siderite may be insufficient to 
produce a strong signal. Indded, the study of [2] sug-
gested that as much as 7 to 20 wt% of anhydrous car-
bonates could be present in a sample without being 
detectable.  

TES data present spectral features attributed to dis-
seminated carbonates (<5 wt%) in the regolith [3]. But 
despite detailed observations at high resolution and 
intensive search, the Mars Express OMEGA instru-
ment has still not found any evidence of well devel-
oped carbonates signatures [4]. It is widely accepted 
that siderite should be the first carbonate to precipitate 
on early Mars [5] due to the abundance of iron and 
CO2. But our results show that siderite is only a me-
tastable phase, transforming quickly into iron 
(oxy)hydroxides when conditions become slightly 
more oxidizing and acidic. Nevertheless, various stud-
ies have demonstrated that carbonates could form in 
present conditions [6, 7]. Our analysis suggests that 
they may not be detected by remote sensing analyses, 
because of the three combined effects: 1) the small 
grain size of the grains formed by weathering in cur-
rent conditions, 2) the small abundance of carbonates 
in the mixture and 3) the formation of iron 
(oxy)hydroxides on the surface of the grains which 
hide the spectral signature of the carbonates. 
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Figure 1:  Evolution of cumulated percentages (wt%) of 
each phase (α-Fe, siderite, ferrihydrite and goethite) 
with time during the oxidation of α-Fe. 

 
Figure 2: Reflectance spectra of powders sampled at differ-
ent times (indicated in days) during the weathering experi-
ment. Spectra have been offset for clarity. Two main fea-
tures are distinguished at ~0.9 µm (due to the crystal field 
effect in iron), and near 3.1 µm (due to hydration). 

 
Figure 3: (a) raw spectra displayed  between 0.7 and 1.2 
µm. (b) continuum removed (c) spectra normalized at 0.7 
µm (d) slope of the spectra versus band depth. 

 
Figure 4: Evolution of the wavelength position (blue curve 
at left) and depth of the 0.9 µm band (blue curve at right)  
with time, compared to the decreasing amount of metal 
iron in the samples (in red). 
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