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ABstrAct

This study investigates the oxidation of fayalite Fe2
2+SiO4 that is present in lithophysae from a rhyolite 

ÀRZ��2EVLGLDQ�&OLIIV��2UHJRQ���7H[WXUDO��FKHPLFDO��DQG�VWUXFWXUDO�DQDO\VHV�RI�WKH�VXFFHVVLYH�R[LGDWLRQ�
zones are used to constrain: (1) the oxidation processes of olivine, and (2) the role of temperature, 
FKHPLFDO�GLIIXVLRQ��DQG�PHWHRULF�LQ¿OWUDWLRQ��3HWURORJLF�DQDO\VHV�DQG�WKHUPRG\QDPLF�PRGHOLQJ�VKRZ�
WKDW�WKH�UK\ROLWH�ÀRZ�HPSODFHG�DW����±����qC. Fayalite-bearing lithophysae formed only in the core 
RI�WKH�ODYD�ÀRZ��9DULDWLRQV�LQ�WKH�JDV�FRPSRVLWLRQ�LQVLGH�WKH�OLWKRSK\VDH�LQGXFHG�WKH�R[LGDWLRQ�RI�
fayalite to a laihunite-1M zone Fe1

2+Fe2
3+�1(SiO4)2. This zone is made of nano-lamellae of amorphous 

silica SiO2 and laihunite-3M Fe2+
1.6Fe3+

1.6�0.8(SiO4)2 + hematite Fe2O3. It probably formed by a nucleation 
and growth process in the fayalite fractures and defects and at fayalite crystal edges. The laihunite-1M 
zone then oxidized into an “oxyfayalite” zone with the composition Fe2+

0.52Fe3+
2.32�1.16(SiO4)2. This sec-

ond oxidation zone is made of lamellae of amorphous silica SiO2 and hematite Fe2O3, with a possible 
small amount of ferrosilite Fe2+SiO3. A third and outer zone, composed exclusively of hematite, is 
also present. The successive oxidation zones suggest that there may be a mineral in the olivine group 
with higher Fe3+ content than laihunite-1M. The transformation of laihunite-1M to this “oxyfayalite” 
phase could occur by a reaction such as 

0.24Fe2+
M1

laihunite-1M + 0.06O2 = 0.16 Fe3+
M1

“oxyfayalite” + 0.08� “oxyfayalite” + 0.04 Fe2
3+O3

hematite 

This would imply that Fe3+ can also be incorporated in the M1 site of olivine.
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introduction

Olivine is one of the most important minerals in planetary 
sciences. It crystallizes in the orthorhombic system (space group 
Pbmn) and forms a solid solution between two end-members, 
forsterite Mg2SiO4 and fayalite Fe2SiO4. Forsterite-rich composi-
tions are the most frequent; however, the fayalite end-member 
[cell parameters a = 4.818, b = 10.471, c = 6.086 Å at 1 atm and 
20 qC; Smyth (1975)] has been observed in some terrestrial rocks 
and primitive meteorites (CV3 chondrites; Hua and Buseck 1995; 
Jogo et al. 2009). Iron oxidation caused by pressure/temperature 
variations or by a contact with the atmosphere/hydrosphere is 
known to induce olivine destabilization. Hematite Fe2O3 (trigo-
nal, R3c, a = 5.038, c = 13.772 Å; Blake et al. 1966) and magne-
tite Fe3O4 (isometric, Fd3m, a = 8.397 Å) precipitates were found 
in natural oxidized olivines from the Sulu peridotite (Hwang et 
al. 2008). Using experiments, Champness (1970) described a low 
WHPSHUDWXUH�����±����qC) olivine oxidation process in air by the 
nucleation and growth of amorphous silica SiO2 and magnetite or 
hematite. Wu and Kohlsted (1988) obtained similar oxidation of 
olivine (Fa10) to magnetite plus amorphous silica in experiments 
heated between 700 and 1100 qC during 0.5 to 100 h. Khisina 

et al. (1995), however, observed the formation of ferriforsterite 
Mg0.5�0.5(Fe3+)1.0SiO4, magnesioferrite MgFe2O4 and magnetite 
from the oxidation of olivine (Fa11) at temperatures between 350 
and 700 qC after 48 to 70 h.

A Mg-poor ferric fayalite, laihunite-1M Fe1
2+Fe2

3+�1(SiO4)2, 
has also been reported in Earth samples (magnetite ore, meta-
morphic and volcanic rocks; mafic xenoliths; Laihunite Research 
Group  1982; Shengyuan 1982; Schaefer 1983a, 1983b, 1985; 
Tamada et al. 1983; Kitamura et al. 1984; Sueno et al. 1985; 
Dyar et al. 1998; Faure et al. 2001) and in martian meteorites 
(nakhlites; Noguchi et al. 2009; Kuebler 2013). It has been syn-
thesized at 1 atm between 400 and 700 qC (Kondoh et al. 1985; 
Khisina et al. 1998; Tomioka et al. 2012). Mg-free laihunite-1M 
is believed to form by oxidation reactions such as

6 Fe2
2+SiO4 + 2 O2 = 3 Fe1

2+Fe2
3+�1(SiO4)2 + Fe3O4

6 fayalite + 2 O2 = 3 laihunite-1M + magnetite (1)
or

8 Fe2
2+SiO4 + 3 O2 = 4 Fe1

2+Fe2
3+�1(SiO4)2 + 2 Fe2O3.

8 fayalite + 3 O2 = 4 laihunite-1M + 2 hematite (2)

Fe3+ is incorporated in the laihunite-1M structure through the 
heterovalent substitution 3 Fe2+ = 2 Fe3+ + �. It has been sug-
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