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The grain size of rocks exposed to elevated temperatures in the Earth may be altered 
significantly as a result of grain growth, thereby influencing grain size sensitive physical 
properties of the rocks, such as rheology, electrical conductivity and hydraulic permeability. 
Since quartz is one of the most abundant constituents of rocks in the Earth’s continental crust, 
quantification of the grain size evolution of quartz rocks at elevated temperature is essential 
for interpreting microstructures recorded by exposed rocks, for example with respect to 
paleostress estimates. 
 
We annealed natural and synthetic polycrystalline quartz aggregates to quantify grain growth 
kinetics and investigate factors influencing grain growth. Synthetic samples produced from 
high-purity quartz glass powder and four types of Arkansas novaculite with arithmetic mean 
starting grain size between 4 and 33 μm, different impurity contents and hydrogen contents of 
200 to 5000 10-6 H/Si were used. To investigate the effect of temperature and pressure, all 
samples were annealed in the α-quartz stability field in a piston cylinder apparatus with NaCl 
as a pressure medium at systematically varied temperatures between 800 and 1100°C and 
pressures between 1.0 and 2.8 GPa for 2 to 216 hours. Microstructural investigation is 
performed using optical and electron microscopy, with emphasis on the determination of grain 
size (distribution), coordination number, and misorientation distribution. 
 
All natural samples but the ones from the novaculite variety with the lowest water content and 
highest porosity showed thermally activated grain growth. In the high-purity quartz glass, 
annealing resulted in nucleation of grains and subsequent grain growth. The microstructures 
after annealing exhibit polygonal grains with straight grain boundaries that preferentially 
intersect at triple junctions with angles close to 120°. During annealing of the novaculites, the 
microstructure of the starting material with irregular grain shapes and grain boundaries 
evolves towards a microstructure with polygonal grains and gently curved grain boundaries. 
 
Grain growth in the tested quartz aggregates obeys a parabolic law dn-d0

n=k0 exp(-Q/RT)t, 
where d denotes grain size, d0 starting grain size, T temperature, t time, and R the gas 
constant. Grain growth exponents range between 2 and 3 indicative of normal grain growth 
and solute/impurity drag controlled growth, respectively. Apparent activation energies amount 
to 130-150 kJ/mol for two non-porous novaculites with high water contents, while only 80 
kJ/mol is found for the porous novaculite with lower water content. The difference may 
indicate that in the latter a different mechanism controls growth, such as grain boundary 
migration controlled by pore drag with diffusion through the pores. Grain growth kinetics are 
faster for increasing initial water contents. Previous data for grain growth in quartz rocks plot 
in the range of our observations, but differences between different types of quartz rocks are 
considerable. It shows that impurity content, in particular hydrogen, and porosity have to be 
properly quantified before the grain growth laws can be used to model geological situations. 


