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Introduction:  Airless planetary bodies are direct-

ly exposed to solar wind, micrometeorite bombard-
ment and cosmic radiation which alter the properties 
of their surfaces. These processes are jointly called 
space weathering. Space weathering affects chemical 
and mineralogical properties of planetary surfaces and 
causes differences in their optical, IR and UV spectral 
properties. This fact contributes to controversies over 
the interpretation of remotely sensed spectra of lunar 
and asteroid surfaces compared to the spectra of mete-
orites and minerals. The main spectral effects of space 
weathering are decrease in albedo, change of spectral 
slope towards higher wavelength (reddening), and 
shallowing of the mineral absorption bands. Among 
features causing spectral change in space weathered 
samples production of metallic iron nanoparticles 
(npFe0) plays major role [1]. 

Space weathering simulations:  Space weathering 
can be simulated in laboratory by laser irradiation or 
ion bombardment. Results of these experiments give 
qualitatively similar results as observed on moon or 
asteroids. However, a quantitative control of npFe0 
concentration and grain size is difficult to achieve. For 
example, semi-quantitative results were reported by 
[2] who managed to correlate changes in the spectral 
slope of irradiated samples with a number of laser 
pulses. 

Only  few  studies  were  devoted  to  control  the  size  
and quantity of the npFe0 and to verify its effect on the 
spectral properties. Allen et al. [3] produced 6 nm 
sized npFe0 particles on a silica gel substrate with 
6 nm pores through impregnation the pores with a 
ferric nitrate solution and subsequent reduction of iron 
in a hydrogen atmosphere. Noble et al. [4] used a sim-
ilar technique with various silica gel substrates of var-
ying pore size of 2.3, 6 and 25 nm resulting in a better 
control of the npFe0 size and concentration. The 
changes in optical properties of such treated samples 
resembled the space weathering effects observed in 
lunar soils. 

Controlled production of iron nanoparticles and 
spectral effects:  A new laboratory procedure for con-
trolled production of npFe0 has been tested. The meth-
od is based on thermal decomposition of iron bearing 
olivine and pyroxene in various atmospheres. The 
process was in-situ monitored by HT-XRD, followed 

by a detailed SEM characterization. Thus, the labora-
tory process is close to space weathering mechanisms 
occurring on airless planetary bodies. 

Results:  ~60 nm iron oxide and metallic iron na-
noparticles have been produced on the grain surfaces 
of olivine powders and spectral effects have been test-
ed  (Fig.  1).  The  presence  of  metallic  npFe0 particles 
caused an albedo decrease and shallowing of olivine 
absorption bands, but, did not cause a slope change. 
Our tentative interpretation is that slope change is 
dependent on the npFe0 particle size and does not oc-
cur with larger particles at ~60 nm size. Results from 
experiments by [4] indicate that most prominent slope 
changes are seen in particles below 10 nm, supporting 
our interpretation. The larger size of npFe0 particles 
on the space weathered surface of the asteroid Vesta 
may explain the lack of reddening as observed recent-
ly in Dawn mission data [5]. 

Interestingly, the oxide nanoparticles of similar 
size produced during intermediate step of our experi-
ments resulted in a slope change mainly correlated to 
the optical properties of hematite. Thus, caution 
should be taken during space weathering simulations 
under terrestrial laboratory conditions to avoid an un-
wanted oxidation of the iron nanoparticles resulting in 
an artificial slope changes unrelated to the natural 
space weathering. This is particular issue with smaller 
npFe0 particles as they have higher surface to volume 
ratio which may result in more intensive spontaneous 
oxidation. 

Conclusions:  Presence of artificially produced 
metallic npFe0 particles on olivine powder grains 
caused albedo decrease and shallowing of olivine ab-
sorption bands, but did not cause a slope change. 
Thus, the lack of reddening on the surface of Vesta 
may be the result of larger size of npFe0 particles on 
space weathered surface. It was also verified that un-
wanted oxidation of the iron nanoparticles during 
space weathering simulations in terrestrial environ-
ment results in an artificial reddening unrelated to the 
natural space weathering. 
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Fig. 1. Spectral effects of ~60 nm oxide and metallic iron nanoparticles. 
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