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Introduction: Thermal models of the 
heating and cooling curves and patterns of 
various grain sizes of sediment are useful in 
analyzing infrared images of Mars. The iden-
tification of areas of certain grain sizes can 
facilitate the identification of geologic forma-
tions, and the processes that formed the areas 
under examination. 
 The majority of current methods for 
estimating thermal inertia are dependent on 
models that consider only homogenous sam-
ples.[1] While these are useful in order to es-
tablish some standards for comparison, they 
do not correlate to realistic formations on the 
surface of Mars. Thus, it is useful to have 
data concerning the heating and cooling 
curves of samples of mixed sediment sizes. 
 In this experiment, we set out to col-
lect data about the thermal inertia of samples 
of mixed grain size in order to further im-
prove our model, and allow us to more accu-
rately analyze data. 
 Analytical Approach: We followed 
the same procedure as previous experiments 
so that our data could be compared with un-
mixed samples[2]. The only modification 
made was to accommodate the varied grain 
sizes of our samples, and thus did not consti-
tute a change in the method with which data 
was collected – only the method in which 
samples were prepared. 
 Each of our mixed samples was com-
prised of two different grain sizes. We mixed 
equal amounts of each grain size in order to 
create a sample of such a size as to fill a 
hemisphere of a 30 cm globe up to 3 cm be-
low the lip. This sample size allowed the 
point at which the temperature was measured, 
the central point of the hemisphere, to be 
flanked by a 10 cm layer of the given mixture 
in every direction, which prevented external 

materials from interfering with the heating 
and cooling of the sample. 
 The grain sizes used in our experiment 
were: coarse gravel (greater than or equal to 
4mm), fine gravel (between 2mm and 4mm), 
coarse sand (between 0.25mm and 2mm), and 
fine sand (between 0.063mm and 0.25mm). 
Each mixture was composed of a combination 
of two of these grain sizes. We collected data 
for each possible combination of grain sizes 
(with the condition that each sample was 
comprised of only two grain sizes). 
 We used 90-Watt flood light bulbs, 
positioned 40cm away from the surface of the 
sediment, to heat the samples. We measured 
and recorded the temperature of the samples 
every 30 second interval, using infrared ther-
mometers mounted on tripods at a distance of 
30cm from the center of the hemisphere. We 
heated the samples until their temperature had 
stabilized within 0.5 degrees Celsius for ten 
minutes. We then switched off the lights and 
took measurements of the cooling sample un-
til the temperature had again stabilized within 
0.5 degrees Celsisus for ten minutes. 

For each mixture, we took a minimum 
of two sets of measurements, conducting 
more trials when necessary. We also took 
measurements of each isolated sediment size 
– coarse gravel, fine gravel, coarse sand, and 
fine sand - in order to collect some control 
data with which to establish a basis for com-
parison of the mixed samples. 
 In order to examine and analyze our 
data, we graphed and qualitatively compared 
the heating and cooling curves of the different 
mixtures and control samples. 
 Results: The results of this experi-
ment suggest that samples of mixed grain 
sizes approach a higher temperature when the 
grain sizes of the two sediments are closest. 
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That is, a mixture of fine gravel and coarse 
sand will approach a higher temperature when 
heated than a mix of fine gravel and fine sand 
or a mixture of fine gravel and coarse gravel. 
The heating and cooling curves for each mix-
ture examined are shown in Figure 1. 

 
Fig 1: Graphs of the heating and cooling curves of the 
following mixtures: fine gravel and coarse gravel (dark 
purple), fine gravel and coarse sand (two trials, one 
represented by a pink line with square points and the 
other represented by a light purple line), fine gravel 
and fine sand (pink, with flat points), coarse gravel and 
coarse sand (medium purple), and coarse gravel and 
fine sand (pale green). 

As can be seen in Figure 1, the mixed 
sample that reached the highest temperature 
was the fine gravel and coarse sand. This 
mixture contains the most similar combina-
tion of grain sizes, as compared with the other 
mixed samples. The coarse gravel and fine 
gravel mixture reached the lowest tempera-
ture, as can be predicted from the individual 
heating and cooling curves of the isolated 
grain sizes.[2] 

 These results were unexpected, as 
samples containing a single grain size heat up 
more quickly and reach a higher peak tem-
perature as the grain size decreases. The re-
sults of this experiment have some interesting 
implications for a model. Instead of being 
able to directly deduce grain size from the 
peak temperature of a given sample, it may 
only be possible to deduce the similarity of 
the grain sizes when dealing with samples 
comprised of multiple grain sizes. 

Future Work: In order to create a 
specific model for samples composed of 
mixed grain sizes, as well as to conduct a 

more detailed analysis of the effects of mix-
ing grain sizes, additional data is required.  
After the collection and analysis of additional 
data, however, it will hopefully be possible to 
more accurately identify the grain size(s) of a 
given sample based on infrared photographs 
and experiments preformed on Martian soil. 
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