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abstraCt

The Mössbauer spectra of an albite glass and melt doped with 57Fe (bulk composition NaFe0.04AlSi3O8) 
were measured in situ to 1100 °C. A specially designed furnace was used where a disk of the sample 
was enclosed in a capsule of graphite. The furnace was purged with argon to avoid oxidation of the 
graphite, and shields of boron nitride (BN) were used to protect both the γ-ray source and the detec-
tor from thermal radiation. Room-temperature spectra show contributions from paramagnetic Fe2+, 
paramagnetic Fe3+, and magnetic Fe3+. The signal of Fe2+ disappears around 400 °C, and the signal 
of Fe3+ disappears at about 1100 °C. This behavior cannot be due to changes in the oxidation state 
of iron because in situ visible and near infrared spectra of the same sample show that Fe2+ persists to 
at least 1000 °C and the quenched samples do not show any change in oxidation state. Rather, the 
disappearance of Fe2+ and Fe3+ in the spectra is likely due to the structural relaxation time around 
these cations becoming comparable to the Mössbauer timescale (lifetime of excited state ≈ 10–8 s). We 
show that the temperature at which the Fe3+ contribution disappears corresponds to the expected glass 
transition temperature of a “ferrialbite” NaFeSi3O8 melt for a timescale of 10–8 s. Our data therefore 
confirm that viscous flow is due to the rearrangement of the chemical bonds between oxygen anions 
and network-forming cations. Furthermore, our data show that Mössbauer spectroscopy can be used 
to study the speciation and relaxation time around iron in silicate melts even at temperatures above 
the macroscopic glass transition temperature as defined from viscosimetry and calorimetry. 
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introduCtion

Silicate melts exhibit viscoelastic properties, i.e., their 
structure requires some time to reach equilibrium state after a 
perturbation (e.g., Dingwell and Webb 1989; Moynihan 1995). 
This property is a function of the relaxation time and controls 
the rheology of natural silicate melts; it is ultimately related to 
the dynamics of the melt structure. Experimentally, the most 
straightforward way to investigate structural relaxation is to carry 
out viscosity measurements. Measurements of 29Si nuclear mag-
netic resonance (NMR) spectra at high temperature provide direct 
insight into the relaxation time of Si-O bonds and this relaxation 
time sometimes can be related to measured viscosities (Farnan 
and Stebbins 1990, 1994). In a silicate melt of complex composi-
tion, however, viscous flow does not only involve rearrangement 
of the Si-O bonds, but also of other structural units. A deeper 
understanding of the dynamics of silicate melts, therefore, re-
quires experiments that shed light on the relaxation timescales 
around various cations in the silicate glass and melt. 

In silicate glasses and melts, transition metals have a complex 
influence as they can exist in various redox states that will have 

a different structural behavior. These different structural roles 
will be reflected in the physical properties of the glasses and 
melts at high temperature. Among transition elements, iron is 
most abundant in natural melts and glasses; in industrial prod-
ucts, it may be an unwanted contaminant (e.g., in glass fibers 
for telecommunication) or an ingredient that has been added to 
achieve some particular property, e.g., coloration (darker color). 
For a better understanding of the phenomena occurring at the 
glass transition, it is, therefore, important to probe the dynamics 
around iron sites at high temperature.

The Mössbauer effect arises from the recoilless absorption 
and emission of γ-rays by specific nuclei (Mössbauer 1958). 
It is generally used to study the local environment of iron in 
rock-forming minerals and glasses (e.g., Hawthorne 1988). The 
intensity of Mössbauer spectra depends on the efficiency of re-
coilless absorption and is proportional to the recoilless fraction. 
The recoilless fraction in a solid decreases with temperature up 
to the melting point, where the Mössbauer effect is no longer 
observed. But according to the characteristic timescale of the 57Fe 
Mössbauer transition of ~10–8 s, it should be possible to record 
the spectra of Fe2+ and Fe3+ in a viscoelastic liquid: in such a 
liquid, the relaxation time may be larger than 10–8 s resulting in 
a significant recoilless fraction. We have chosen to work with 
an Fe-doped albite glass, where the macroscopic glass transition 
as determined by calorimetry or dilatometry with characteristic 
measurements times of 10–2–10–3 s (Mysen and Richet 2005) is 
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