American Mineralogist, Volume 105, pages 1040–1050, 2020

Ti diffusion in feldspar
D.J. Cherniak1,* and E.B. Watson1
1

Department of Earth and Environmental Sciences, Rensselaer Polytechnic Institute, Troy, New York 12180, U.S.A.

Abstract
Chemical diffusion of Ti has been measured in natural K-feldspar and plagioclase. The sources of
diffusant used were TiO2 powders or pre-annealed mixtures of TiO2 and Al2O3. Experiments were run
in crimped Pt capsules in air or in sealed silica glass capsules with solid buffers (to buffer at NNO).
Rutherford backscattering spectrometry (RBS) was used to measure Ti diffusion profiles. From these
measurements, the following Arrhenius relations are obtained for diffusion normal to (001):
For oligoclase, over the temperature range 750–1050 °C:
DOlig = 6.67 × 10-12 exp(–207 ± 31 kJ/mol/RT) m2s-1
For labradorite, over the temperature range 900–1150 °C:
DLab = of 4.37 × 10-14 exp(–181 ± 57 kJ/mol/RT) m2s-1
For K-feldspar, over the temperature range 800–1000 °C:
DKsp = 3.01 × 10-6 exp(–342 ± 47 kJ/mol/RT) m2s-1.
Diffusivities for experiments buffered at NNO are similar to those run in air, and the presence of
hydrous species appears to have little effect on Ti diffusion. Ti diffusion also shows little evidence of
anisotropy. In plagioclase, there appears to be a dependence of Ti diffusion on An content of the feldspar, with Ti diffusing more slowly in more calcic plagioclase. This trend is similar to that observed
for other cations in plagioclase, including Sr, Pb, Ba, REE, Si, and Mg. In the case of Ti, an increase
of 30% in An content would result in an approximate decrease in diffusivity of an order of magnitude.
These data indicate that feldspar should be moderately retentive of Ti chemical signatures, depending on feldspar composition. Ti will be more resistant to diffusional alteration than Sr. For example,
Ti zoning on a 50 mm scale in oligoclase would be preserved at 600 °C for durations of ~1 million
years, with Sr zoning preserved only for ~70 000 yr at this temperature. These new data for a trace
impurity that is relatively slow-diffusing and ubiquitous in feldspars (Hoff and Watson 2018) have the
potential to extend the scope and applicability of t-T models for crustal rocks based on measurements
of trace elements in feldspars.
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Introduction
Feldspars are among the most abundant minerals in the
Earth’s crust. Ti is an important trace element in feldspar, likely
substituting on tetrahedral sites (e.g., Parsons et al. 2008; Peters et
al. 1995). Tetrahedrally coordinated Ti in albitic alkali feldspars
is an activator for cathodoluminescence (Parsons et al. 2008);
fine-scale zoning in feldspars observable through CL can provide
information on crystal growth and geochemical histories. Ti
gradients and other small-scale compositional variations within
plagioclase grains may provide insight into magma chamber dynamics and processes influencing magma transport (e.g., Singer
et al. 1995; Adams et al. 2011; Salmonsen et al. 2011; Ginibre
et al. 2004). Ti concentrations in feldspar may also be affected
by fluid mediated processes, for example, the loss of Ti during
albitization of potassic feldspar (Norberg et al. 2014). Feldspars
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may also contain Ti-rich phases formed by exsolution (e.g., Wenk
et al. 2011; Ageeva et al. 2016). Furthermore, recent work (Hoff
and Watson 2018) has indicated that Ti concentrations in feldspar
may have potential as a geothermobarometer. Characterizing
diffusion of Ti in feldspar provides critical constraints on these
processes, and may permit derivation of information about thermal and chemical histories from Ti distributions.
In this study, we measure Ti diffusion in K-feldspar and
plagioclase, evaluating potential effects of feldspar composition, orientation, and fO2 on Ti diffusion and consider these data
with respect to diffusivities of other cations in feldspar and Ti
mobilities in other mineral phases.

Experimental procedure and materials
Diffusion experiments were conducted on specimens of natural K-feldspar
and plagioclase. The K-feldspar (Or93) is from Madagascar, the albite (Or1) is from
Brazil (#135031 from the collection at the National Museum of Natural History),
the oligoclase (An23) is from North Carolina (kindly provided by D.S. Miller), the
labradorite (An67) is from Lake County, Oregon (# 135512-1 from the collection
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