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Introduction:  Mafic rocks are widespread at the 

surface of Mars. Their existence has been inferred from 

the composition of Martian meteorites [1], from geo-

morphology, e.g. [2], and several orbital infrared data 

sets [3-6]. Evidence of basaltic surface composition 

comes from characteristic absorption bands of olivines 

and pyroxenes, and mineralogical abundance model-

ling [4-6], as well as in situ chemical analysis, e.g. [7]. 

Can information on the Martian environmental 

conditions prevailing during the alteration of its basal-

tic crust be inferred from near-infrared (NIR) spectra? 

In order to determine whether basalts altered in differ-

ent environments have different spectral signatures, we 

analyzed the NIR spectra of basalts from arid cold and 

arid hot environments, as well as hot environments in 

which wet and arid climates occurred successively; any 

of these conditions may have been representative of the 

alteration conditions on Mars, present or past. The se-

lected basalts are located in the Udokan area of Siberia, 

and in the Ogaden region of southeast Ethiopia (Fig-

ure 1). They are all alkali basalts, Ti-rich, and have the 

same mineralogical structure (Figure 2). 

 

  
 

Figure 1. Location of the Udokan volcanic field and Ogaden 

basalts. The dark patches are the volcanic exposures. The 

sampling sites are shown by circles: U – Udokan volcanic 

field; G – Gode; KD – Kebri Dehar; W – Werder. 

 

 
Figure 2. Photomicrographs of representative basalts sam-

ples from Udokan (a) and Ogaden (b). The phenocrysts in-

clude mainly plagioclase and iddingsitized olivine. Polariz-

ing microscope, plane polarized light. 

 

Methods:  The mineral composition and structure 

of the Udokan and Ogaden basalts have been identified 

using polarizing microscope. The reflectance has been 

measured using the ASD FieldSpec® 3 spectrometer in 

the spectral range 0.35‒2.5 μm, with 3 nm spectral 

resolution in the visible range and 10 nm in the infra-

red. Ninety-one spectra were acquired, both of the al-

teration rind surface and the internal part of the bulk 

samples, and of the whole-rock powders. Complemen-

tary information on composition of representative bas-

alt samples have been retrieved from X-ray diffractom-

etry and Micro-Raman spectroscopy. 

Results and discussion:  The NIR spectra of the 

alteration rind surface and the internal part of the bulk 

samples from cold and hot environment are very simi-

lar (Figures 3 and 4), suggesting that the NIR spectra 

of Martian bulk rocks may be of limited help in identi-

fying paleoenvironment conditions. Bulk rock spectra 

analysis reveals, however, that: (1) Spectra of the least 

altered rocks display clear absorption bands of smec-

tites, suggesting that a distinction between clays in 

weakly weathered basalts and clay-rich formations 

cannot be based solely on analysis of infrared spectra 

obtained from orbit; (2) The depth of the 1.9 µm water 

absorption band is not correlated with environmental 

humidity (Figure 4), possibly due to the weathering 

effect of groundwater, or to the hydration state of the 

secondary minerals. Therefore, the deep hydration 

bands, observed on many Martian spectra of mafic 

mineral-rich areas or in other geological contexts, e.g. 

[4], are not necessarily evidence of a past wet climate 

characterized by persistent water runoff during long-

lasting wet seasons. They are also consistent with dry 

conditions, cold or hot, with only very limited or no 

precipitation. 

Additional compositional information can be re-

trieved from rock powder spectra (Figure 5). Zeolites, 

which are identified in the Udokan basalt spectra, are 

indicators of ancient presence of groundwater or hy-

drothermal water. The restrictive pressure and tempera-

ture range of formation of some zeolites potentially 

helps in retrieving information on paleoclimate.  
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Figure 3. Comparison between reflectance spectra of the 

Ogaden and Udokan fresh or nearly fresh rock surfaces. The 

spectra are nearly similar, apart from the missing ~1 μm ab-

sorption in two of the Udokan basalt spectra (thick black 

lines). 

 

 
Figure 4. Comparison between reflectance spectra of the 

Ogaden and Udokan basalt rind surfaces. Note the parallel 

spectra of the Udokan sample RN02 and Ogaden sample 

K1.30 in the range 0.7-2.5 µm (thick lines), and the nearly 

identical spectra of the Udokan sample RN01B and Ogaden 

sample K3.1 in the range 1.9-2.4 µm. Water absorption band 

at 1.9 μm is almost always deeper in the Ogaden than in the 

Udokan basalt spectra, as detailed in the inset, where the 

band depth is calculated by subtracting from each spectrum a 

convex continuum hull between 1.88 and 2.13 µm, following 

the method presented by Morris et al. [8]. 

 

 
Figure 5. Comparison between reflectance spectra of the 

Ogaden and Udokan basalt powders. Several spectral fea-

tures, that are not apparent in bulk rock spectra, appear. The 

powder spectra of basalts altered in arid hot environment 

(Ogaden) show a first-order positive spectral slope in the 

range 0.9–2.0 μm, whereas spectra of basalts altered in arid 

cold environment (Udokan) have a first-order negative spec-

tral slope. 

 

The presence of calcite and iddingsite is ascertained 

by other methods, but they are not apparent in bulk 

rock spectra and only weakly apparent in powder spec-

tra, probably due to the nonlinear spectral response of 

intimately mixed minerals in basaltic rock. 

Conclusion and perspectives:  Although the alter-

ation conditions of the two series of terrestrial basalt 

samples are very contrasted, analysis of NIR spectra 

could not unequivocally discriminate between them. 

Other techniques are required for characterization of 

alteration features in basalts that can accurately infer 

paleoclimate. We are investigating whether atomic 

force microscopy can be used as a tool to identify di-

agnostic alteration features at the surface of basalts in 

the nanoscale [9]. 
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