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Introduction:  Studies of Martian meteorites, as 

well as the analysis of data obtained during space mis-

sions, indicate the presence of basalts on the Martian 

surface [1-5]. Analysis of their alteration features may 

provide insights into the climate evolution and its local 

variations. However, no adequate method that would 

help retrieve such information from orbit or in situ has 

been found so far [6]. 

Atomic force microscopy (AFM) has already been 

used in space missions and its advantages include, 

among others, low instrument weight and high resolu-

tion capability [7]. As AFM allows to observe objects 

in the nanoscale and analyze their topography and 

roughness. We investigate whether AFM can be used 

as a tool to identify diagnostic alteration features on a 

basaltic surface. The objective of this work is to deter-

mine to what extent the AFM method complements the 

results obtained with SEM, in the context of climate 

evolution, and whether it can be used for this purpose 

independently. 

Experiment:  Basalt samples from arid cold (Udo-

kan, Siberia) and arid hot (Ogaden, Ethiopia) environ-

ments, two of the possible Martian end-member paleo-

environments [8], have been studied. Scanning electron 

microscope (SEM) has been used in complement to 

AFM to identify the minerals (Fig. 1).  

All the samples were polished, cleaned and were 

not covered with a conductive material. Interesting 

places in the samples were marked with a diamond 

stylus for easy identification with AFM and SEM. 

AFM studies were carried out under atmospheric pres-

sure at room temperature in the contact mode. BSE 

images presented here were taken under low pressure 

(30 Pa), at an accelerating voltage of 30 kV. 

Results:  Mineralogical analysis based on backscat-

tered electron spectra (BSE) was carried out in selected 

areas of the samples. Structures examined by AFM 

were assigned to specific mineral phases. The images 

obtained in BSE and using AFM differ considerably in 

resolution (Fig. 1 and Fig. 2). Using AFM, it is possi-

ble to perceive details of structures that may result 

from weathering. Even very subtle alteration features 

may be observed.  

 

 

In Fig. 2, images of a selected area of the internal 

part of basalt sample from the Udokan volcanic field 

are shown as an example. An L-shape cavity on the 

plagioclase crystal indicated on the BSE image (Fig. 

1), not only can be seen in a better resolution, but also 

the details of its topography can be recognized. Both 

the granular internal part of the cavity and crystal struc-

ture of its edges are imaged (Fig. 2a).   

 

 
 

 
 

Figure 1. SEM image of the internal part of Udokan basalt. 

An arrow indicates a cavity formed in a plagioclase crystal 

(a) BSE image, (b) elemental composition of the plagioclase. 
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Figure 2. Topography images obtained using AFM in the so-

called deflection mode: (a) the arrow indicates the edge of a 

cavity formed in a plagioclase crystal in the Udokan basalt; 

(b) closeup to the edge of the cavity. 

 

Conclusions:  With the used experimental ap-

proach, the same area in a given sample can be studied 

both by SEM and AFM. The structure of minerals 

identified in the spectrum of backscattered electrons 

can be located and observed at higher resolution on 

AFM images, leading to interpretations at a scale that 

was not attainable before. Such interpretations may 

reveal differences in nanostructure reflecting tempera-

ture-dependent alteration processes. In the future, this 

may allow the microscopic examination of the surface 

of Martian rocks, using AFM mounted on space assets. 
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