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Introduction:  Thermal conductivity (k) is one of 

the most highly variable properties of planetary 
surfaces, with values ranging over nearly four orders of 
magnitude. Surfaces of exposed bedrock or solid ice 
have k =1–10 Wm-1K-1. The effective thermal 
conductivity (keff) of porous, particulate material 
decreases with the degree of cementation or inter- 
granular contact to ~0.1 Wm-1K-1 for uncemented sand 
on planets or moons with significant atmospheres. 
Values decrease further with atmospheric density and 
particle size to ~0.001 Wm-1K-1 for dust on the Moon or 
other airless bodies. Thermal conductivity is the most 
variable component of both thermal inertia (Ith = 
(kρc)0.5, where ρ is the bulk density and c is the heat 
capacity) - the parameter that controls the surface 
temperature response to diurnal and seasonal insolation 
cycles - and thermal diffusivity (κ = k/ρc) - which 
determines the penetration depth of thermal waves. 
Below the layer affected by seasonal temperature 
variations (typically the upper 1-10m on terrestrial 
planets), for a given interior heat flow q, keff also 
determines the geothermal gradient (dT/dz = q/k). These 
effects of keff on surface and subsurface temperatures 
make it an important factor in determining the thermal 
evolution and interior structure of planetary bodies as 

well as the thermal stability of ices or hydrated minerals 
within or beneath the regolith. 

Model Description:  This presentation describes a 
new, analytic, and mechanistic model [1] for calculating 
the effective thermal conductivity (keff) of planetary 
regolith, or any porous granular medium consisting of 
solid particles and gas (or vacuum). The model 
computes keff as a function of the physical properties of 
its components (e.g., intrinsic thermal conductivities), 
particle size and shape, bulk porosity, pore gas density, 
temperature, cohesive force, and lithostatic pressure (or 
depth). A simplified version of the model for the case of 
regolith in vacuum is also presented. Model predictions 
are compared to laboratory measurements from 
previous studies for a wide range of particle properties 
and temperature/pressure conditions. The model is 
based on the Maxwell-Eucken theoretical expressions 
for the upper and lower bounds for keff of heterogeneous, 
isotropic material – equivalent to the Hashin-Shtrikman 
bounds [2]. These equations provide tighter bounds than 
the parallel and series approximations often used to 
estimate keff for porous media. The effect of interparticle 
contact is modeled using a semi-empirical parameter fsc 
that represents the fractional continuity of the solid 
phase. An expression for this parameter is proposed 

with a functional dependence on the 
relative size and number of contacts 
between particles. The actual size of 
the contacts is estimated based on 
Hertzian mechanics of elastic 
deformation including the effects of 
cohesive surface forces (JKR theory 
[3]). An effective contact radius is 
determined that also takes into 
account the heat transfer through the 
pore space in the immediate vicinity 
of the contact based on theoretical 
work by Batchelor and O’Brien 
(1977) [4], as well as lower limits 
due to plastic deformation. Particle 
shape is quantified in terms of its 
sphericity and roundness. The 
effects of sphericity are explicitly 
included in calculations of the 
Maxwell-Eucken bounds, the 
effective pore size and, along with 
roundness, the average local radius 
of curvature at the contacts. The 
effect of radiative heat transfer is 

Figure 1 – Comparison of Wood (2020) [1] model predictions to laboratory 
measurements of keff of soda-lime glass beads as a function of pore gas pressure and 
particle size. Squares indicate data obtained in N2 gas at 300-315K [5] and circles are 
data obtained in CO2 gas at 300-375K [6]. The mean particle size of each size range 
was used for the model calculations. 
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included, as well as the dependence of gas conductivity 
on temperature and Knudsen number from kinetic 
theory. The only free parameters in the model are two 
constant coefficients in the hypothesized expressions 
for fsc and pore size which are empirically determined 
by least-squares fits to laboratory measurements of keff 
for glass beads over a wide range of particle size and 
pore gas pressure (see Fig. 1). Using these best-fit 
values for the coefficients, the model is then shown to 
predict values of keff which are in close agreement (σ ≤ 
20%) with previous laboratory measurements for basalt 
and quartz powders and Apollo lunar soil samples. A 
key finding of the model is that keff does depend on the 
instrinsic conductivity of the solid particles (and 
therefore on their composition and temperature) to a 
greater degree than indicated in previous studies and is 
especially important for regolith on airless bodies. 
Example model predictions are shown in Figs. 1-4. 
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Figure 2 – Wood (2020) [1] model-calculated values of 
thermal inertia of 50 um basalt particles on Ceres at 180K as 
a function of particle roundness and sphericity. The assumed 
porosity was 70% (r=900 kg/m3) and cp = 500 J/kg/K.  

 
Figure 2 – Hypothetical profiles of Mars regolith properties 
to a depth of 5km assuming a basalt composition and 
increasing particle size with depth (solid red line in A). 
Model-calculated [1] profiles of keff are shown in C for 
uncemented (red line), partially cemented (blue line) and 
solid (but vesicular) basalt (black line), all with the same 
porosity profile (purple line in A).  

Figure 3 – Comparison of the Wood (2020) [1] model 
predictions to laboratory measurements of keff of basalt 
powder as a function of temperature and sample porosity [7]. 
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