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Does feroxyhyte 
occur on the surface of Mars? 
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The red colour of Mars has long been attributed to the 
occurrence of ferric oxides on its surface and in atmospheric 
dust storms. Such a belief has been accentuated by results of 
Viking Lander experiments on the surface of Mars, which 
suggested the presence of maghaemite, y-Fe 20 3 (refs 1, 2). This 
dark brown, ferromagnetic iron (III) oxide phase not only 
conforms with the colour and magnetic properties of dust on the 
martian surface, but suggests that maghaemite acted as a 
catalyst in some of the biological experiments performed in situ 
on Mars 3• Many of the physical properties and chemical 
reactions attributed to maghaemite, however, are also displayed 
by o-FeOOH, an oxide hydroxide polymorph of ferric iron 4

•
5

• 

On Earth, o-FeOOH occurs as the mineral feroxyhyte in gleyed 
soils and in submarine manganese nodule deposits 6

• Some of the 
properties and paragenetic relationships of feroxyhyte are 
described here and it is suggested that o-FeOOH is a prime 
candidate for the red-brown ferromagnetic phase coating the 
surface of Mars. 

Synthetic c5-FeOOH is formed as a deep-brown precipitate 
during the oxidation of Fe(OH)2 in partially deoxygenated, 
slightly alkaline solutions 7 , 8 . It is generally poorly crystalline 
and may contain up to 3 wt % excess H2O (ref. 7). 
Significantly, c5-FeOOH differs from other FeOOH 
polymorphs by being ferromagnetic ('T;, ~ 450 K ), and therefore 
resembles v-Fe2 O 3 . Depending on its particle size, the 
saturation magnetization of c5-FeOOH is 30--50 % the value of 
v-Fe2O 3 at ambient martian temperatures (200K)7

• 9, so that 
b-FeOOH, too, will adhere to magnets such as those attached 
to the Viking Lander spacecraft 1

. The IR spectrum of b
FeOOH contains three maxima in the range 2.95--3.4m (refs 7, 
10); similar spectral features are observed in remote-sensed 
spectra of Marsll. The catalytic efficiency of b-FeOOH in the 
decomposition of H 20 2 , for example, is 10-fold higher than c,;

FeOOH (geothite) and a-Fe2O 3 (haematite)12, and is 
comparable to y-Fe2 O 3 (maghaemite) which was postulated to 
interfere with the biological experiments on the Viking 
Landers3

. 

In the marine environment on Earth, the formation of 
feroxyhyte is believed to involve redox reactions in buried 
sediments6

• 
13

. The Fe(HCO3 ) 2 generated there migrates in 
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pore waters to the surface of the sediments. At the sediment
seawater interface, where the temperature and pH are typically 
275 K and 8.1, respectively, Fe(OH)2 is formed initially, but is 
oxidized by the oxygenated seawater to feroxyhyte. This 
poorly crystalline b-FeOOH phase coats debris and authigenic 
silicates such as zeolites, and forms a substrate for the 
deposition of manganese (1v) oxides in ferromanganese crust 
and nodule deposits 14. The b-FeOOH phase is also susceptible 
to secondary redox reactions inside manganese nodules, where 
it catalyses the decomposition of enclosed biogenic debris and 
organically chelated Ni(n) and Cu(n) species 15

, leading to the 
enrichment of these transition metals in manganese nodules on 
the sea floor beneath equatorial high biological productivity 
zones. 

Such processes in the terrestrial marine environment enables 
us to postulate on the reactions on Mars which might lead to 
the formation of feroxyhyte in the martian regolith. Ferrous 
ions, derived from disintegration of basalt by chemical 
weathering, mechanical abrasion (ablation and freeze-thaw) 
and photochemical 16 processes, form stable Fe(HCO3 )i in the 
choride--sulphate-rich, COz-saturated, O 2-depleted brines in 
the permafrost on Mars. When the Fe(HCO3 ) 2 is slowly 
oxidized, poorly crystalline feroxyhyte is produced which 
forms a thin red-brown veneer on the fractured rock surfaces_ 
The fine-grained feroxyhyte particles are easily transported 
during dust storms and become major components in the 
bright areas of the martian surface, The large specific surface 
of the feroxyhyte particles also makes them effective substrates 
for the reversible chemisorption of water vapour from the 
martian atmosphere. 

The synthesis and chemical properties of c5-FeOOH might 
also explain some of the results obtained during the Viking 
biological experiments on Mars3 • 17. Metal peroxides or 
superoxides on the martian surface when moistened would 
liberate oxygen and produce alkaline solutions, thereby 
initiating the following reactions: 

regolith Fe(HCO3 )z +alkaline soln-->Fe(OH)2 +2CO 2 

2Fe(OH)2 + 1/202 ..... 2b-FeOOH + H 2O 
b-FeOOH + nutrients-->Fe(OH)2 +CO2 + H 2 O etc. 

The biological experiments on Mars thus promoted the 
conversion of Fe(HCO3 )z in the regolith to feroxyhyte, the 
catalytic properties of which led to the breakdown of nutrients 
supplied during the Viking Lander experiments. 

Feroxyhyte, therefore, has suitable colour, magnetic, 
chemisorption, spectral, redox and paragenetic properties to 
make it a constitutent of the surface of Mars. 
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