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INTRODUCTION

In Earthʼs deep crust and upper mantle, modiÞ cation of 
compositional gradients in garnet by intracrystalline diffusion 
creates a mineralogical record of thermal and chemical history 
in rocks spanning wide ranges of bulk composition and thermo-
barometric conditions. The extraordinary utility of garnet as a 
recorder of time, temperature, pressure, and ß uid composition 
arises from the variable nature of its diffusive behavior over 
the range of length and time scales that characterize important 
crustal and mantle processes. At low temperatures or for short 
time, garnet can preserve, by resistance to internal diffusive 
modiÞ cation, the chemical zoning and isotopic ratios produced 
during growth. Given hotter or longer thermal histories, garnet 
can serve as a monitor of temperature and time by partial diffu-
sional homogenization. Garnet can track changes in its external 
environment by communicating toward the crystalʼs interior 
by means of diffusion the effects of chemical interaction with 
neighboring phases.

The key to transforming these complicated behaviors into 
detailed records of geological processes is knowledge of the 
rates of diffusion of elements through the garnet structure. 
With accurate knowledge of intracrystalline diffusion kinet-
ics, it becomes possible to quantify regional heating and 
cooling histories, and uplift rates (e.g., Spear and Parrish 
1996; Ayres and Vance 1997; Carlson and Schwarze 1997; 
Ganguly et al. 2000; Kohn 2004; Spear 2004; Storm and 
Spear 2005), to apply and properly interpret widely used 
garnet-based thermobarometers and geochronometers (e.g., 
Jiang and Lasaga 1990; Spear 1991; Florence and Spear 1993; 
Connelly 2001), to evaluate rates of chemical equilibration 
during metamorphism (Carlson 2002), and to determine the 
nature and timescales of thermal events and metasomatic 

processes in the crust and upper mantle (e.g., Vance 1995; 
Griffin et al. 1996). Kohn (2003) has reviewed further ex-
amples of such applications.

Experimental efforts to quantify diffusion rates for the prin-
cipal divalent cations in garnet (Fe, Mg, Mn, Ca) have provided 
rigorous determinations at high temperatures (>1000 °C) for 
garnet compositions close to binary joins between near-end-
member compositions (Cygan and Lasaga 1985; Loomis et al. 
1985; Chakraborty and Ganguly 1992; Schwandt et al. 1995; 
Chakraborty and Rubie 1996; Schwandt et al. 1996; Ganguly 
et al. 1998; Freer and Edwards 1999), but these data suffer 
from large uncertainties when extrapolated down-temperature 
to crustal conditions and when applied to natural quaternary 
garnet compositions.

In the present study, narrow limits on diffusion rates at low 
temperatures (roughly 600�900 °C) are extracted from stranded 
diffusion proÞ les in partially resorbed natural garnets of diverse 
compositions. These new data strongly constrain activation ener-
gies and reveal a simple but novel relationship between diffusiv-
ity and garnet composition. Combining these low-temperature 
determinations with prior experimental data, while accounting 
for the importance of host-garnet composition, allows identiÞ ca-
tion of two discrepant data sets and reconciliation of all other 
measurements within a single comprehensive model.

PREVIOUS WORK

The principal experimental data on diffusion of major divalent 
cations in garnet are compiled in Figure 1, in which all measure-
ments have been adjusted to the oxygen fugacity correspond-
ing to equilibrium between graphite and oxygen, and have been 
renormalized to 1 GPa using previously determined activation 
volumes (Chakraborty and Ganguly 1992). The data in Figure 
1 include self-diffusion coefÞ cients retrieved from multicompo-
nent models of electron probe micro-analyzer (EPMA) proÞ les 
across diffusion couples (Loomis et al. 1985; Chakraborty and 
Ganguly 1992; Ganguly et al. 1998); interdiffusion coefÞ cients 
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ABSTRACT

Extraction of the thermal and chemical histories preserved by modiÞ ed compositional zoning in 
garnet is compromised by large uncertainties in experimentally determined diffusion coefÞ cients for 
principal divalent cations. Some of this uncertainty derives from long down-temperature extrapola-
tions, but much of it arises from an inability to account accurately for large variations in diffusivity 
as a function of garnet composition. Numerical simulation of stranded diffusion proÞ les in partially 
resorbed natural garnets constrains diffusivities at low temperature, and reveals a systematic depen-
dence of diffusion rates on host garnet composition. A comprehensive model incorporating a simple 
compositional dependence allows accurate prediction of diffusion rates for Fe, Mg, Mn, and Ca for 
nearly all garnet compositions across the full range of geologically relevant temperatures, pressures, 
and oxygen fugacities.
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