
American Mineralogist, Volume 97, pages 653–656, 2012

0003-004X/12/0004–653$05.00/DOI: http://dx.doi.org/10.2138/am.2012.3899      653 
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absTRacT

Fayalite (Fe2SiO4), and other Fe-rich olivine, is often found in the reducing environments of the 
Moon, Mars, and other extraterrestrial bodies, but the oxidation state of the terrestrial mantle restricts 
the amount of Fe found in olivine on Earth. For this reason, synthetic fayalite is needed for use in 
planetary-analog and other studies. Here we present a method for the synthesis of nanocrystalline 
fayalite (nanofayalite) using a sol-gel technique. Iron(II) chloride, sodium ethoxide, and tetraethyl 
orthosilicate (TEOS) were reacted to produce a precursor gel, which was subsequently calcined under 
reducing conditions to crystallize nanofayalite. Powder X-ray diffraction analyses indicate that the 
produced nanofayalite is nearly pure, with minor amounts (0.5–3%) of metallic Fe in some batches. 
Scanning electron microscope images of nanofayalite crystals show euhedral to subhedral crystals that 
range in size between 100 and 150 nm. Estimates of specific surface area were determined by both the 
Brunauer-Emmett-Teller (BET) and Langmuir adsorption methods and indicate average surface areas 
of 27.7 and 45.3 m2/g, respectively. Regulation of the redox environment was the critical challenge 
for this synthesis, but careful control of oxygen fugacity during reactant addition and mixing, sol-gel 
drying, and calcination ensured fayalite crystallization.
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inTRoDucTion

Olivine, (Mg,Fe)2SiO4, is one of the most prevalent silicate 
minerals in the solar system. It composes a major portion of the 
mantle of the Earth and is found on the Moon, Mars, asteroids 
(e.g., Vesta), and various other extraterrestrial bodies such as 
meteorites, comets, and interplanetary dust particles (IDPs). 
There is a complete solid-solution series between the olivine end-
members forsterite (Mg2SiO4) and fayalite (Fe2SiO4), with nearly 
all naturally occurring olivine containing variable amounts of 
both iron and magnesium. Most terrestrial mantle-derived olivine 
has a Mg-rich (~Mg1.8Fe0.2SiO4) composition due, in part, to the 
relatively higher oxygen fugacity (ƒO2) in Earth’s upper mantle as 
compared to crystallization environments on the Moon and Mars 
(Fig. 1). Crystallization of magnetite (Fe2+Fe3+

2 O4) and quartz 
(SiO2) is favored over fayalite in the terrestrial mantle, leading 
to a scarcity of Fe-rich olivine at the surface of the Earth. The 
redox environments of the Moon, Mars, and other extraterrestrial 
bodies are generally more reducing than that of the Earth (Frost 
1991; Herd 2008; Wadhwa 2008), so Fe-rich olivine, including 
pure fayalite, is commonly found in rocks from those places.

Because there is a limited supply of fayalite available on 
Earth, studies involving fayalite commonly rely on the use of 
synthesized material (Redfern et al. 2000; Dyar et al. 2009; 
Hamilton 2010). For many studies, large crystals (micrometer 
size or greater) are acceptable, and so minimal effort has been 
made to synthesize nanofayalite. However, there is an increasing 
need for nanocrystalline materials, because various spectroscopic 

(Hofmeister 1987; Fabian et al. 2001; Hofmeister and Pitman 
2007; Dyar et al. 2009; Hamilton 2010), neutron scattering (Cole 
et al. 2006; Mamontov et al. 2007), and other studies depend on 
the use of high surface-area materials.
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FiguRe 1. Log oxygen fugacity vs. temperature at 1 bar pressure 
showing some common oxygen buffers (MH, magnetite-hematite; NNO, 
nickel-nickel oxide; FMQ, fayalite-magnetite-quartz; WM, wüstite-
magnetite; IW, iron-wüstite; QIF, quartz-iron-fayalite) (Frost 1991). The 
area between the darker QIF and FMQ curves is the range of stability 
for fayalite. The shaded areas represent estimated ranges for the redox 
conditions on the Moon, Mars, and Earth (Frost 1991; Herd 2008; 
Wadhwa 2008). The vertical dashed line at 800 °C shows the synthesis 
calcination temperature.


