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Several investigators have proposed that maghemite ( y-Fe 0 ) is 
2 3 responsible for the magnetic[l] and the apparant catalytic and oxidative [21 

properties of the soil at the two Viking lander sites. As such, it is of 
interest to examine whether the presence of maghemite is also consistent with 
Earth-based remote sensed spectra of the Martian bright and dark regions 
(e.g. 131 and [41). 

The reflectance spectrum of stoichiometric y-Fe O3 is characterized by 
a sharp absorption edge beginning at 0.75 microns wit2 essentially opaque 
behavior at wavelengths below 0.54 microns (e. g. sample M5 of fig. 1). The 
strong absorptions in the visible region are ue to oxygen to metal charge 
transfer togeather with the 6 ~ 1  + ~ E , ~ A ~  and 'A1 + 4~ crystal field bands 2 which, although spin-forbidden, appear to be intensifled by antiferromagnetic 
coupling between adjacent ~ e + ~  ions. Because of the strong absorption in this 
region of the visible spectrum, the presence of small (i.e. 5 %) amounts of 
such maghemites in a mixture with other components (e.g. clay minerals etc.) 
will give rise to a spectrum which is inconsistent with the Martian bright 
and dark region spectra as presented by [3] and [4]. A parallel argument has 
been presented by [5] to exclude hematite ( a-Fe203) as a significant 
spectral component of the Martian soil. 

Maghemite forms by the topotactic oxidation of magnetite (Fe 0 ) or by 3 4 
thermal dehydration of lepidocrocite ( y-FeOOH). Magnetite is opaque due to 
electron delocalization between adjacent ~ e + ~ - ~ e + ~  ions in the octahedral 
B-sites of the spinel structure. Incompletely oxidized magnetite ("non- 
stoichiometric maghemite") also displa s characteristics of electron delocal- 
ization (depending on the residual Fe+3 content) with a consequent low 
reflectivity in the near infra-red and the absence of discernible crystal 
field absorption features. Variations in the degree of oxidation and, hence, 
the stoichiometry are responsible for the gross variations in the reflectance 
spectra of both natural and synthetic maghemites (fig. 1). Such variations in 
the reflectance spectra also correlate with the intensity of the ~ e + ~ - ~ e + ~  
hyperfine hextet observed in the Mossbauer spectra of different maghemite 
samples. 

As shown by the reflectance spectrum of sample M7 (a natural maghemite) 
in fig. 1, maghemites with a substantial ~ e + ~  content (ca. 10% of total iron) 
display a relatively flat and featureless spectrum in the near infra-red and 
visible regions. The presence of such maghemites in mixtures with other 
absorbing components will lower the reflectance in the near infra-red and 
partially mask any crystal field bands due to other phases yet contribute +2 
little to the visible region absorption edge. As such, the presence of a Fe 
bearing maghemite or magnetite-maghemite intermediate may be consistent with 
the observed spectral features of the Martian bright and dark regions and may 
explain the low reflectance of the surface regions and the low optical depth 
of the suspended dust. It appears doubtful whether the presence of non- 
stoichiometric maghemite can be distinguished from magnetite or another 
opaque phase given the available constraints. 

Dehydration of lepidocrocite gives stoichiometric maghemite. Since both 
stoichiometric y-Fe 0 and, to a lesser extent, lepidocrocite seem to be 2 3 
ruled out as surface components based on spectral constraints, it appears 
that this reaction, whether thermally induced or via a hypothetical 
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photochemical mechanism, does not occur on Mars. Formation of non-stoichio- 
metric maghemite may occur by the thermal oxidation of primary igneous 
magnetite or by oxidation of ~ e + ~  in ~ 0 ~ ~ -  and C1- bearing solutions via 
"green rust" and colloidal magnetite intermediates: 

~ e + ~  -t, fi6zfn + Fe 0 
3 4 

-t, Maghemite(via slow oxidation) 
J. 

y -FeOOH (via fast oxidation) 
2- 

Both SO4 and ~ 1 -  are present in the Martian soil yet the availibility of 
liquid water is questionable. Such a reaction may be of interest, however, 
since the end-product is poorly crystalline and, owing to large surface 
effects, might be expected to exhibit a pronounced catalytic activity [6]. 
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Figure 1: Diffuse reflectance spectra 
of stoichiometric and non-stoichiometric 
maghemite samples. Sample M5 is end- 
member Fe 0 Also shown is an 
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3' Mars brigat region spectrum 141. 
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