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Introduction:  The surfaces of rocky bodies in the 

Solar System (e.g. the Moon, Mars, and asteroids) are 
composed of a layer of centimeter-sized or smaller 
particles termed regolith. Regolith generation and evo-
lution has traditionally been attributed to the fall back 
of impact ejecta and to the comminution of surface 
boulders by micrometeorite [1,2]. Since ejecta veloci-
ties typically exceed the gravitation escape velocity of 
small (i.e. kilometer-sized) asteroids [1,3], it was wide-
ly anticipated that fine regolith would be absent from 
such small asteroids. Nevertheless, the images and 
recovered material from Hyabusa revealed that the 
surface of (25143) Itokawa was indeed composed of 
fine regolith similar to larger airless bodies (e.g. the 
Moon). In a recent publication [4], we combine labora-
tory experiments and mechanism-based modeling to 
demonstrate the effectiveness of an alternative regolith 
generation and evolution mechanism driven by diurnal 
temperate variations rather than impact processes.  

 
Fig. 1: Computed diurnal surface temperature excursions 
on asteroids as a function of heliocentric distance.  

Physical process: Fatigue is the progressive struc-
tural damage and degradation of materials as a result of 
the application of cyclic stresses. One source of such 
cyclic stresses is the rather large diurnal temperature 

variations experienced on the surface of rotating aster-
oids (see Fig. 1). On the microscale this damage and 
degradation manifests as the extension of pre-existing 
cracks by a small increment on each loading cycle. 
Eventually, these thermally-driven cracks reach a criti-
cal size and the body fragments into smaller pieces 
(see Fig. 2). In contrast to the early primitive experi-
ments [5], there is growing observational evidence that 
thermal fatigue and fragmentation is an active process 
on marble, granites, desert rocks, and now asteroids [6-
8, 4]. 

 
Fig. 2: Schematic of thermally-driven regolith evolution.  

Laboratory experiments: In order to study the 
rate at which thermally-driven cracks propagate 
through asteroidal materials, we perform laboratory 
experiments on two meteorites: a carbonaceous chon-
drite (CM2 Murchison) and an ordinary chondrite 
(L/LL3.2 Sahara 97210). The two meteorites are con-
sidered the closest available analogues of the broad 
asteroid spectroscopic classes C and S, respectively. 

Experimental methodology: Our protocol consisted 
of utilizing a climatic chamber to subject these meteor-
ites to temperature variations that approximate the di-
urnal variations experience on a typical NEA surface. 
The temperature cycle period was taken to be 2.2 
hours, and the magnitude of the temperature excursion, 
ΔT, was taken to be 190 K corresponding to C-type 
NEAs at ~0.7 AU (see Fig. 1). Crack lengths are 
measured utilizing X-ray tomography following a pre-
scribed number of thermal cycles.  
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Proof of thermally-driven crack growth.  After sub-
jecting the meteorite samples to 407 thermal cycles, we 
observe a measurable extension of a number of pre-
existing cracks (see Fig. 3 & 4). Under these laboratory 
conditions, our measurements show that pre-existing 
cracks extend at a rate of about 0.5 mm/year.  

 

 
Fig. 3: Experimental observations of fatigue crack growth 
in Murchison (CM2) induced by 407 thermal cycles.   

         
Fig. 4: Crack size is shown as a function of the number of 
thermal cycles predicted by our model (lines) and com-
pared with our experimental measurements (symbols) for 
each meteorite.  

Model predictions: Our laboratory measurements 
indicate a very fast rate of crack propagation in relation 
to the age of the Solar System. However, it is unclear 
whether such a fast rate of crack propagation would be 
maintained as the crack becomes larger. To address 
such issues we developed a mechanism-based model 
capable of estimating the time required to fragment 
rocks of a given size on the surface of an asteroid.  

Modeling approach: Our mechanism-based model 
is based on well-established thermal diffusion [9], 
thermomechanical [10], and fracture mechanics [11] 
models in order to analyze the progressive crack 
growth from early stages (notice the model-experiment 
agreement shown in Fig. 4) to final fragmentation as 
shown in Fig. 2. The day-night temperature variations, 
temperature gradients and mechanical stresses are cal-
culated using boundary conditions appropriate for as-
teroid surfaces radiatively heated by the Sun. We make 

use of a conservative definition of rock fragmentation 
in our model, namely that an initial 30-micron-long 
crack grows to a length equal to the rock diameter. 
Shorter cracks can still produce fragments, either by 
merging with other growing cracks or by a flaking 
mechanism (a model for which is currently being de-
veloped).  

Prediction of time required for thermally-driven vs. 
impact-driven fragmentation. Our model predictions 
for the time required to thermally fragment rocks on 
the surface of a carbonaceous chondrite-like asteroid 
are reported in Fig. 5 for a number of rock sizes. Fig. 5 
also includes a classical model prediction [2] for the 
time required to break-up a boulder on the surface of 
an asteroid by impact processes. Fascinatingly, it ap-
pears that thermally-driven fragmentation can be or-
ders of magnitudes faster than fragmentation by some 
classical impact mechanisms.  

 

 
Fig. 5: Time required to break rocks on the surface of a 
carbonaceous chondrite-like asteroid at 1 AU. Symbols 
show the time required to thermally fragment 90% of the 
rocks, with the thick dashed line indicating the time re-
quired to fragment the same set of rocks by micromete-
oroid impacts. Error bars capture uncertainties in model 
parameters.   
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