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Introduction:  Thermal stress weathering is the 

mechanical breakdown of rock from expansion and 
contraction caused by changes in temperature. Damage 
occurs in the form of microscopic cracks that result 
from a thermal cycle or thermal shock. Together with 
aeolian, fluvial, and chemical weathering, this plays a 
role in the evolution of Earth’s landscapes, breaking 
down boulders, changing rock surfaces, and generating 
sediment. Many terrestrial studies have been done to 
try to characterize how it contributes to processes such 
as exfoliation, large crack formation, and granular dis-
integration [e.g., 1-4], however the presence of water 
in the atmosphere as well as additional weathering 
processes obscures the extent to which damage occurs 
as a result of thermal stress itself and whether water is 
required for it to operate [e. g. 5].  

This process may also play a role in the evolution 
of terrestrial-planet, airless landscapes, by contributing 
to rock breakdown, regolith production, and crater 
degradation. These surfaces experience wider tempera-
ture ranges, and have few other competing processes, 
suggesting that thermal stress weathering may be more 
significant in these environments. This process has 
been suggested to operate on Mars [6] and to be re-
sponsible for smooth ponds of material found on the 
asteroid Eros [7]. 

Terrestrial studies often evaluate the efficacy of 
this process by measuring the rate of surface tempera-
ture change (dT/dt), and assuming damage occurs 
when this quantity exceeds a threshold of 2 K/min [e.g. 
8, 6]. Using a simple 1-D thermal model, our previous 
work [9] found that that rapid rates of temperature 
change (thermal shocks) often occur on surfaces nor-
mal to the sun during a sunrise or sunset, either in the 
morning/evening, or when being shadowed/illuminated 
by surrounding topography during the day. The prima-
ry control on the magnitude of these shocks is the du-
ration of these sunrises/sets (see figure 1).  

If we rely on the canonical (2 K/min) damage 
threshold, this would suggest that rapidly rotating bod-
ies, such as Vesta, experience more thermal stress 
weathering than more slowly rotating bodies, such as 
Mercury. The adoption of this threshold presumes that 
spatial temperature gradients caused by these rapid 
temperature changes are large enough to form or prop-
agate a crack. In reality, however, spatial and temporal 
temperature gradients are not always correlated. In 
fact, Vesta experiences extremely small spatial tem-
perature gradients, and Mercury very large.  

Here we report on microphysical modeling of grain 
scale thermoelastic stresses to improve our understand-
ing of the relationship between dT/dt, dT/dz, and the 

stress produced at the grain scale, and the implications 
for weathering rates on these bodies. 

Model: Finite Element Analysis of Microstructures 
(OOF2) is a 2-D finite element modeling program, 
developed at NIST and designed to help scientists cal-
culate macroscopic properties of real (images) or simu-
lated microstructures. Using OOF2, we imposed the 
solar and conductive fluxes calculated by the previous, 
1-D thermal model at the surface and at a depth of 
0.005 m on a microstructure. The heat and displace-
ment equations were calculated during a sunrise over 
an equatorial Lunar surface.  To facilitate comparison 
to previous work the thermal properties of the micro-
structure are homogeneous. 

Figure 2 shows dT/dt from t=0 to t=2.4 hours, the 
entire duration of the sunrise. Peak dT/dt values occur 
at approximately 50 min, after which they begin to 
subside. Figure 3 shows the variation of effective stress 
(sqrt(3*J2), where J2 is the second invariant of the de-
viatoric stress tensor) with time. The stress increases 
throughout the entire sunrise, indicating it is linked 
more strongly with temperature than than spatio-
temporal temperature gradients.  

Preliminary Conclusions: Using time varying so-
lar fluxes, OOF2 can accurately reproduce basic ther- 

 
 

Figure 1. Rates of temperature change over the course 
of one sunrise on a generic body at 1 AU and varying 
day length. The line with highest dT/dt value corre-
sponds to the body with the shortest day and fastest 
sunrise. The day lengths, from shortest to longest, are 
0.25, 0.5, 1, 2, 5, and 10 Earth days, corresponding to 
sunrise durations of 62, 126, 254, 510, 1278, and 2558 
s, respectively. The dotted lines mark the end of the 
sunrises, when the solar disk is fully above the horizon, 
in each case. Each line is shifted to begin at the same 
point on the x axis. 
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mal behavior of a layer of rock on a given planetary 
surface, and the spatio-temporal temperature gradients 
are consistent with previous results.  Permanent  de-
formation occurs in rocks when stresses exceed some 
yield strength. Typical rock yield strengths are on the 
order of ~100 MPa. Stresses in this example exceed 
that value, however a more realistic microstructure will 
be needed to determine more realistic stresses. 

In future work, OOF2 will be used to model ther-
mal beahvior of realistic microstructures with varying 
grain sizes and thermophysical properties. This will 
allow us to explore the the relationship between the 
spatial and temporal temperature gradients and stress, 
providing a realistic model of the generation of inter- 
and intra-grain cracks on different planetary bodies. 
Understanding what conditions are required to produce 
damage in these environments will help quantify and 
constrain the effect of thermal stress weathering on 
landscape modification. We will report the thermal 
stresses and potential damage experienced by this near-
surface material and compare the relative efficacy of 
the process on various airless bodies in the inner solar 
system. 
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Figure 2: Rate of temperature change over time of a 
single, homogeneous column.  
 
 

 
Figure 3: Variation of effective stress (sqrt(3*J2), 
where J2 is the second invariant of the deviatoric stress 
tensor) with time.  
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