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Oxygen diffusion in rutile from 750 to 1000 8C and 0.1 to 1000 MPa
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ABSTRACT

Oxygen self-diffusion in rutile was studied in synthetic and natural samples over the
temperature range 750 to 1000 8C and the pressure range 0.1 to 1000 MPa using an 18O-
enriched source. Most experiments investigated the dependence of D on temperature, water
pressure, crystallographic direction, and experiment duration. A few experiments investi-
gated the dependence of D on f and confining pressure. The uptake profiles of 18O inO2

experimental products were measured by nuclear reaction analysis using the reaction
18O(p,a)15N.

Two mechanisms are responsible for O diffusion in rutile, and one is faster than the
other by about an order of magnitude. O that diffuses by the faster mechanism is described
by the diffusion law:

D(\c) 5 4.7 3 1027 exp(2258 6 22 3 103/RT) D0 in m2/s; EA in J/mol; T in K.

Diffusion by the slower mechanism is described by this law:

D(\c) 5 5.9 3 1025 exp(2330 6 15 3 103/RT) D0 in m2/s; EA in J/mol; T in K.

Oxygen fugacity in itself does not affect D at fugacities between 1 atm and Ni-NiO.
However, the presence or absence of water during reduction does affect the diffusion
behavior. When water is absent during rutile growth and/or subsequent reduction, only the
faster mechanism operates, and when water is present during growth or reduction, both
mechanisms operate simultaneously, though the contribution from the slow mechanism
dominates that of the fast mechanism. Because few geologic environments are truly dry,
the slower law should generally be used for modeling O diffusion for rutile in nature.
Comparison with other studies of rutile suggests that migration of O vacancies is the
mechanism responsible for the faster diffusion law whereas migration of Ti interstitials is
responsible for the slower diffusion law.

Oxygen diffusion in rutile is slower perpendicular to the c axis than parallel to that axis
by about half an order of magnitude. There is no perceptible effect of confining pressure
on D below 100 MPa, or between 600 and 1000 MPa. However, between 100 and 600
MPa, D decreases by nearly an order of magnitude.

Closure temperatures for O diffusion in rutile are high—650 8C for a crystal with a 100
mm radius and a 10 8C/Ma cooling rate. Rutile is retentive of its O isotopic composition.
A crystal with a 100 mm radius will retain its initial core composition for just over 10
million years at 600 8C.

INTRODUCTION

Bulk O isotope compositions of minerals in metamor-
phosed rock bodies can yield information regarding the
temperature of mineral crystallization and the extent and
nature of fluid-mineral interactions. However, the inter-
pretation of bulk isotopic compositions is often challeng-
ing or misleading because the minerals involved might
not be homogeneous—having been altered during cool-
ing, by a secondary thermal event, or by exchange with
a metasomatic fluid. Still, minerals with altered compo-
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sitions can record the changes that caused the alteration
and therefore have significant potential as sources of in-
formation regarding the temperature and compositional
history of rock bodies.

To interpret non-uniform 18O/16O distributions in min-
erals, one must: (1) be able to perform accurate, in-situ
micrometric analyses of O isotope ratios in natural min-
erals; (2) understand the theory governing isotope ex-
change in rock bodies; (3) know the equilibrium isotope
partitioning of O in the minerals of interest; and (4) know
the redistribution kinetics of O in the relevant minerals.
Significant progress has been made recently on all of
these fronts: (1) laser- and ion beam-ablation mass-spec-


