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Introduction: Basaltic rocks are thought to be 

abundant at the surface of Mars. Evidence of basaltic 

surface composition comes from in situ chemical analy-

sis [1, 2], characteristic absorption bands of olivines 

and pyroxenes, and mineralogical abundance modelling 

[3-6]. 

Of interest is whether information on the climate 

conditions prevailing during basalt alteration on Mars 

can be inferred from the measured basalt spectra. In 

order to address this issue, new spectral and chemical 

composition data of altered basalts in both arid cold 

and arid hot regions on Earth are compared to the Mar-

tian near-infrared spectra. The selected basalts are lo-

cated in the Udokan area of Siberia, and in the Ogaden 

region of southeast Ethiopia (Figs. 1 and 2). They are 

all alkali basalts, Ti-rich, and have the same mineralog-

ical structure. 

 

  
 

Figure 1 Location of the Cenozoic 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 – north of 

Gode town; KD – east of Kebri Dehar town; W – south of the Werder 

town. 

 

  
 

Figure 2 Altered lava flow from the Udokan volcanic field, and cob-

ble from the Kebri Dehar flow of Ogaden. 

 

Methods: The mineral composition and structure of 

the Udokan and Ogaden basalts have first been identi-

fied using polarizing microscope. Then the reflectance 

has been measured using the ASD FieldSpec® 3 spec-

trometer in the spectral range 0.35‒2.5 μm, with 1 nm 

spectral resolution in the visible range and 3 nm in the 

infrared. Ninety-one spectra were acquired, both of the 

altered surface and internal part of the bulk samples, 

and of the whole-rock powders of grain size < 25 µm. 

Complementary information on composition of repre-

sentative basalt samples have been retrieved from X-ray 

diffractometry, scanning electron microscope (SEM), 

and Micro-Raman spectroscopy. 

Results and discussion: The studied basalts, de-

spite their dramatic differences in alteration conditions, 

have very similar bulk rock spectra in the near-infrared 

(Figs. 3 and 4). Broad absorption bands in the bulk 

rock spectra, especially related to -OH and H2O absorp-

tions, make difficult recognition of smaller bands of 

critical importance in identifying some alteration min-

erals. The near-infrared spectra of the Martian bulk 

rocks are, therefore, unlikely to distinguish between 

basaltic rocks that were altered in arid hot or arid cold 

environments.  

This study suggests that analyses of rock powders 

may help to discriminate between both environments. 

The rock powders altered in arid hot environment have 

a first-order positive spectral slope in the range 

0.9‒2.0 µm, whereas those altered in arid cold envi-

ronment have a first-order negative spectral slope. This 

might help in evaluating different hypotheses of Mar-

tian paleoclimate conditions for surfaces having similar 

powder-size granulometry and optical properties. 

Both the Ogaden and Udokan basalts display simi-

lar absorption at ~2.2 µm in bulk rock samples; in 

powders these environments produce different features. 

The Ogaden basalts keep their spectral signature, 

whereas the Udokan basalt powders show a more com-

plex reflectance pattern in the range 2.17‒2.22 µm. Its 

origin remains to be investigated; if similar features are 

observed in other basalts being weathered in arid cold 

environment, this pattern would provide an additional 

criterion for distinguishing between arid cold and arid 

hot climate in alteration conditions of Martian basaltic 
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powders. 

Two significantly different types of alteration ob-

served in the Ogaden – surface oxidation associated 

with spheroidal weathering and penetrative weathering 

– cannot be distinguished either in the near-infrared 

bulk rock nor in the powder spectra (Figs. 4 and 5). 

This suggests that different processes of basalt altera-

tion under a given climate might be difficult to distin-

guish in the near-infrared spectra of the Martian sur-

face. 

 

 
Figure 3 Near-infrared spectra of the Ogaden and Udokan fresh or 

nearly fresh rock surfaces. The spectra are nearly similar, apart from 

the missing ~1 μm absorption in two of the Udokan basalt spectra 

(bold lines). 

 

 
Figure 4 Near-infrared spectra of the Ogaden and Udokan altered 

basalt surfaces. Note the parallel spectra of the Udokan sample RN02 

and Ogaden sample K1.30 in the range 0.7-2.5 µm (thicker 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 at 1.9 μm is 

almost always stronger in the Ogaden than in the Udokan area (ar-

rows).  

 

 
Figure 5 Near-infrared spectra of the Ogaden and Udokan basalt 

powders.  

 

The Ogaden basalts are located in a much more arid 

setting than the Udokan basalts, but hydration bands 

are deeper in the Ogaden spectra than in the Udokan 

spectra (Fig. 4). Thus, an inverse correlation exists be-

tween rainfall and climate aridity, maybe related to the 

weathering effect of groundwater, or to the hydration 

state of the secondary minerals. Therefore, the deep 

hydration bands [e.g., 5, 7] observed on many Martian 

spectra of mafic mineral-rich areas [8] are not neces-

sarily 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. 

Conclusions and perspectives: Interpreting altera-

tion environments using near-infrared spectra requires: 

(1) analysis of the rock powders; (2) complementary 

studies using other techniques. 

Part of the weathering of Icelandic basalts has been 

shown to have a biogenic origin [9-11]. Understanding 

the basalt alteration on Mars requires therefore the un-

derstanding of the influence, if any, of the biological 

(fungi) communities on the near-infrared spectra of 

altered basalts. If they do have any influence, compari-

son between spectral features on Earth and Mars may 

either be biased, or, if the signature of fungi can be 

identified and diagnostic, reveal the evidence for bio-

genic alteration of Martian basalts. 
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