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Factors affecting heat transfer in natural SiO2 solids
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Abstract

To determine which factors affect thermal diffusivity (D) of mineral aggregates, we compared 
accurate measurements of D for five quartzites, two microcrystalline samples (chert and agate), 
chalcedony, and two partially crystalline opal specimens (of type opal-CT) with single-crystal quartz. 
Samples were characterized using infrared (IR) spectroscopy, electron microprobe analysis, optical 
microscopy, and X-ray powder diffractometry (XRD). Using laser flash analysis, we measured D of 
the quartzites and microcrystalline samples between room temperature and 1000 °C, and D of the 
opal specimens and chalcedony up to the temperatures where these samples failed (300 and 650 °C, 
respectively). Data between 20 and 500 °C can be fit by 1/D = AT + B. Values of A and B for quartzites, 
microcrystalline samples, opal specimens, and chalcedony are distinct from each other and from those 
of directionally averaged quartz single-crystals. Lower D at room temperature correlates with inflated 
B values of polycrystalline samples and results from porosity (all samples), hydration (all samples), 
grain boundaries (microcrystalline samples and chalcedony), and disorder (opal specimens and chal-
cedony). Dehydration and pore space reduction alter the temperature derivatives of D; dehydration 
causes the low A in chalcedony and opal. Above 600 °C, D changes negligibly with temperature and 
is lower than directionally averaged quartz, suggesting an increase in contact resistance as cracks open 
during heating. Thermal cracking is greatest in samples with large grain sizes and abundant, fluid-filled 
pores. The prevalence of cracking in polycrystalline samples suggests that high-temperature laboratory 
measurements generally underestimate heat transport properties in geologic environments, wherein 
confining pressures limit thermal expansion.
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Introduction

Understanding thermal processes in Earth’s lithosphere, such 
as shear heating and contact metamorphism, requires knowledge 
of heat transport properties. Thermal conductivity (k) describes 
the efficiency of heat transfer in a material, and is defined in 
one dimension as

q k dT
dy
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where q is the measured heat flux and dT/dy is the steady-state 
temperature gradient along the y-direction. Thermal diffusiv-
ity (D), an important parameter whenever transient heating 
or cooling in the Earth is considered, is related to thermal 
conductivity:
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where ρ is density and CP is heat capacity at constant pressure. 
A mineral’s thermal diffusivity depends mainly on the phonon 

mean free path length [λ(T)]:
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where Z is the number of formula units in the primitive unit 
cell, and u is an average acoustic velocity, which changes little 
at the temperatures studied (Hofmeister 2006). As temperature 
rises, the number of phonons and collisions between phonons 
increase. This intensified phonon-phonon scattering shortens the 
mean free path length and is responsible for the decrease in D 
with temperature. Other factors, such as additional vibrational 
modes arising from impurities and changes to the crystal lattice, 
also change the mean free path length and D.

We have made significant progress toward assembling a data-
base of single-crystal D data obtained using laser-flash analysis 
(LFA) (Hofmeister 2006, 2007; Pertermann and Hofmeister 
2006, 2008; Branlund and Hofmeister 2007). Because Earth is 
composed of mineral aggregates (rocks), it is necessary to quan-
tify how heat transfer in single crystals relates to the process in 
monominerallic aggregates. Toward this end, the present paper 
compares thermal diffusivities of various SiO2 solids with that of 
quartz, in an attempt to understand the effects of mineral inter-
faces (grain boundaries), secondary phases, air or fluid included 
in pore space, and lattice disorder on heat transfer in rocks.
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