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Introduction:  The temperature of the martian sur-

face is a function of the physical and compositional 

characteristics of the upper layers of material, which 

are in turn the result of past geologic activity. Volatile 

transport and stability also depend strongly on the insu-

lating properties of the surface. Temperature measure-

ments of the Mars surface have been obtained  by sev-

eral orbital (e.g. ITRM, TES, THEMIS) and rover-

based instruments (e.g. min-TES, REMS) to elucidate 

the geologic history and context for habitability on a 

variety of different scales and in a number of settings.  

Thermal inertia is a parameter that combines the 

thermophysical properties pertinent to modeling the 

transfer of heat at a planetary surface (conductivity, 

specific heat, density). Thermal inertia is determined 

from temperature measurements using a number of 

well-established planetary regolith heat flow numerical 

models [1,2]. For most geologic materials, including 

particulates, specific heat and density vary by a factor 

of ~2-4 and are sufficiently well known [1]. However, 

the thermal conductivity of particulate materials at 

Mars pressure may vary by several orders of magnitude 

and is affected by many factors, including gain size and 

roughness, regolith porosity, the presence of cement 

between grains, and grain mixtures. The complexity of 

interpreting thermal conductivity (and thus thermal 

inertia) values necessitates laboratory measurements.  

Line heat probes were used in previous [3,4,5] and 

concurrent studies [6] to characterize the thermal prop-

erties of grains under martian pressure conditions: the 

effect of grain size and packing (bulk density) is well 

characterized for particles up to ~1 mm in diameter 

[3,4,5,6]; grain size mixtures have been measured in a 

few preliminary studies. The line-heat source method 

however cannot be used to measure complex geologic 

samples similar to those observed on planetary surfaces 

(layered,  cemented, coarse-grained, etc.) due to small 

sample size requirements and problems associated with 

using heating or measuring probes in coarse or cement-

ed samples. Nor does it allow the determination of a 

temperature-dependent conductivity across the martian 

temperature range. Here, we forgo the use of probes for 

a new radiometric measurement technique, described 

below.  

Methods:  We use a radiative technique for deter-

mining the thermal conductivity of coarse and complex 

samples under Mars pressure, gas,  and temperature 

conditions. Large-volume samples (~4e-3 m
3
) in a cy-

lindrical holder within a Mars environment chamber 

(Fig. 1) are cooled at the base and sides from room 

temperature to 77 K (LN2). A FLIR A40 infrared cam-

era (7.3 – 13 μm) observes the temperature change at 

the sample surface as it cools, without the use of ther-

mocouples or heat sources (Fig. 2). Sample surface 

cooling trends are fit with a finite element model of 

heat transfer (COMSOL Multiphysics®) to retrieve the 

thermal conductivity as a function of material tempera-

ture (Fig. 3).  

The environmental chamber may be held at a fixed 

pressure, ranging from atmospheric pressure (101,325 

Pa, 760 torr) down to ~1e-3 Pa (~1e-5 torr), for the 

duration of the experiment, allowing for thermal con-

ductivity studies at a variety of planetary surface pres-

sures (Earth to ~airless).  

 
Figure 1. A look-down view of the sample holder (22 

cm diameter) filled with a crushed basalt, within the 

planetary surface environment chamber. A blackbody 

plate and gold plate reflector are on either side of the 

sample holder.  The blackbody contains an embedded 

Platinum Resistance Thermometer (PRT) and is used 

to calibrate the infrared camera that views the scene 

from above through a window. The gold plate is a 

lambertian reflector (emissivity ~0.02). The 

downwelling thermal radiance on the gold plate, which 

is nearly perfectly reflected, is accounted for when 

measuring the temperature of the sample and modeling 

its thermal state. The rainbow wire is connected to 5 

PRTs that are fixed to the inner walls of the sample 

holder so that the boundary temperature of the sample 

is known and may be included in the finite element 

model.    
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Figure 2. Infrared color-stretched image of the sample 

from Fig. 1 during a measurement run. A stack of 8 

images is averaged to reduce noise. The blackbody 

calibration target square is to the left of the sample and 

the gold plate reflector is to the right. The sample sur-

face is coolest near the edges due to conductive cooling 

through the aluminum walls of the sample holder via a 

liquid nitrogen Dewar system within the sample holder 

base. These images are acquired every ~3 minutes 

through the duration of the run, along with coinciding 

measurements of sample holder wall kinetic tempera-

ture, blackbody calibration target kinetic temperature, 

environmental chamber pressure, and time. 

 

 
Figure 3. Colorized image of finite element model for 

a sample within the laboratory environmental chamber 

(COMSOL Multiphysics® – Heat Transfer Module). 

Boundary conditions on all sides of sample are known 

from laboratory measurement: temperatures at the base 

and walls are interpolated from PRTs on sample holder 

inner walls; downwelling radiance on sample surface is 

estimated using gold plate reflector. Values for thermal 

conductivity (T dependent) are adjusted to achieve a 

match between model and laboratory surface tempera-

ture.  

Initial results and planned work: Measurements 

have been conducted using homogenous spherical 

beads identical to those used by [3]. Initial results are 

in good agreement with their measurements and con-

firm independent numerical modeling efforts that pre-

dict that the thermal inertia of particulate material un-

der Mars conditions is temperature-dependent [7].  

Mixtures: Grain mixtures have been observed on 

the martian surface in many locations. Initial laboratory 

studies have indicated that the thermal inertia of a mix-

ture is most similar to that of the largest grain size 

[4,6]. This could lead to overestimates of particle sizes 

derived from orbital datasets if this effect is not better 

understood. Homogenous 2- and 3-size fraction mix-

tures will be measured at Mars pressure to better char-

acterize the effects of grain mixtures. Our apparatus 

will be particularly useful for measuring coarse-grained 

(>~1 mm particle diameter) mixtures.  

Cemented and layered samples: Numerical model-

ing has indicated that even a small amount of cementa-

tion can cause a significant increase in thermal inertia 

and conductivity in soils [8]. Independent laboratory 

measurements on a single salt-encrusted sample sup-

port this prediction [5]. Layers of cemented grains, 

such as duricrust, may be common on Mars, as indicat-

ed by surface observations [e.g. 9] and global thermal 

inertia [10]. The processes leading to the formation of 

these cemented soils may reveal fundamental clues 

about the nature of the interaction between the atmos-

phere, the hydrosphere, the cryosphere, and the geo-

sphere. It is thus critical that the thermal effects of ce-

mentation and layering be characterized so that such 

soils may be understood and mapped on Mars.  

To measure the conductivity of cemented samples 

in a controlled manner, spherical beads are cleaned and 

then rinsed in a salt-bearing solution to precipitate pre-

scribed amounts of inter-grain salt cement. This salt 

precipitation process occurs in the sample holder so 

that once the sample is prepared, it need not be dis-

turbed by transport or the insertion of probes/sensors.  
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