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aBstraCt

Diffusion of Al and Si has been measured in synthetic and natural rutile under anhydrous condi-
tions. Experiments used Al2O3 or Al2O3-TiO2 powder mixtures for Al diffusant sources, and SiO2-TiO2 
powder mixtures or quartz-rutile diffusion couples for Si. Experiments were run in air in crimped Pt 
capsules, or in sealed silica glass ampoules with solid buffers (to buffer at NNO or IW). Al profiles 
were measured with Nuclear Reaction Analysis (NRA) using the reaction 27Al(p,g)28Si. Rutherford 
Backscattering spectrometry (RBS) was used to measure Si diffusion profiles, with RBS also used in 
measurements of Al to complement NRA profiles. We determine the following Arrhenius relations 
from these measurements: For Al diffusion parallel to c, for experiments buffered at NNO, over the 
temperature range 1100–1400 °C:

DAl = 1.21 × 10–2 exp(–531 ± 27 kJ/mol-1/RT) m2s-1.

For Si diffusion parallel to c, for both unbuffered and NNO-buffered experiments, over the tem-
perature range 1100–1450 °C:

DSi = 8.53 × 10–13 exp(–254 ± 31 kJ/mol-1/RT) m2s-1.

Diffusion normal to (100) is similar to diffusion normal to (001) for both Al and Si, indicating little 
diffusional anisotropy for these elements. Diffusivities measured for synthetic and natural rutile are in 
good agreement, indicating that these diffusion parameters can be applied in evaluating diffusivities 
in rutile in natural systems Diffusivities of Al and Si for experiments buffered at IW are faster (by a 
half to three-quarters of a log unit) than those buffered at NNO.

Si and Al are among the slowest-diffusing species in rutile measured thus far. Diffusivities of Al 
and Si are significantly slower than the diffusion of Pb and slower than the diffusion of tetravalent 
Zr and Hf and pentavalent Nb and Ta. These data indicate that Al compositional information will 
be strongly retained in rutile, providing evidence for the robustness of the recently developed Al in 
rutile thermobarometer. For example, at 900 °C, Al compositional information would be preserved 
over ~3 Gyr in the center of 250 mm radius rutile grains, but Zr compositional information would be 
preserved for only about 300 000 yr at this temperature. Al-in-rutile compositions will also be much 
better preserved during subsolidus thermal events subsequent to crystallization than those for Ti-in-
quartz and Zr-in-titanite crystallization thermometers.
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introDuCtion

Rutile, found in various geological settings, can incorpo-
rate significant amounts of trivalent, divalent, and pentavalent 
cations, including several high field strength elements, with 
concentrations up to tens of percentages (e.g., Vlassopoulos et 
al. 1993). The geochemical behavior of these trace and minor 
elements in rutile can offer insight into the subduction zone 
processes (e.g., Ryerson and Watson 1987; Brenan et al. 1994; 
Stalder et al. 1998; Foley et al. 2000; Zack et al. 2002; Ewing 
and Müntener 2018); HFSE with multiple valence states incor-

porated in rutile also have the potential to provide information 
on fO2 conditions (e.g., Liu et al. 2014; Guo et al. 2017). Since 
rutile tends to remain stable during sedimentary and diagenetic 
processes, its trace element signatures can reveal information 
about provenance (e.g., Morton and Hallsworth 1999; Zack et 
al. 2002), and may be used in geospeedometry (e.g., Kohn et al. 
2016; Cruz-Uribe et al. 2018). The Zr-in-rutile geothermoba-
rometer (Degeling 2003; Zack et al. 2004b; Watson et al. 2006; 
Tomkins et al. 2007) has been increasingly applied in a range 
of studies to assess crystallization temperatures and/or pressures 
(e.g., Ewing et al. 2013; Taylor-Jones and Powell 2015; Pape et 
al. 2016; Mitchell and Harley 2017; Tual et al. 2018). Rutile is 
also used as a U-Pb geochronometer (e.g., Corfu and Andrews 
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