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Introduction: The origin of regolith on small airless 

bodies (e.g., asteroids) has long been of interest. Until 
recently, regolith – a layer of loose rocks and perhaps 
dust – was hypothesized to form on the surfaces of small 
asteroids primarily as the result of impact. However, 
there are difficulties associated with this mechanical 
disruption model. The escape velocity on some small 
asteroids is very low, which could cause ejecta to leave 
the surface rather than to settle onto it. However, 
extensive regions of gravel-sized rock and dust have 
been found on asteroid surfaces. 

Thermal fatigue was recently suggested as an 
alternative process by which rocks on small asteroids 
can undergo in-situ breakdown [1]. The cyclic exposure 
of the asteroid surface to thermal radiation from the Sun 
leads to the nucleation and eventual growth of cracks in 
rocks. This hypothesis does not involve any type of 
ejecta; therefore, it can account for the large amounts of 
regolith found on small asteroids. Hence, thermal 
fatigue provides a potential explanation for regolith 
formation on small airless bodies.   

Bennu and Ryugu are carbonaceous near-Earth 
asteroids, and the current targets of the OSIRIS-REx 
and Hayabusa2 missions launched by NASA and 
JAXA, respectively. On these asteroids, thermal fatigue 
has been proposed as an important mechanism for in-
place breakdown of rocks [2]. 

Recently, a thermomechanical model (Eq.1) has 
been developed using finite element calculations and 
some basic dimensional analysis, and shows that the 
efficiency of thermal fatigue depends on rock size and 
basic physical properties. Using this model, the time 
taken for rocks to break down on Bennu and Ryugu has 
been predicted with respect to the heliocentric distance 
and rotation periods of these asteroids [2]. However, 
those predictions assumed the material parameters of 
generic carbonaceous chondrites since specific data was 
not available at the time. While Bennu and Ryugu are 
carbonaceous, there is now more information on the 
rock properties, and the range of porosities.  

In this work, we recalculate a set of possible 
breakdown periods for rocks on Bennu and Ryugu using 
more realistic material parameters gathered by the 
OSIRIS-REx [3] and Hayabusa2 [4] missions, together 
with the thermomechanical model [2]. Assuming a Paris 
law for fatigue crack growth in the rock with a power 	
𝑛, the model then predicts a relationship between the 
diameter	𝑑 of the rock, the thermal skin depth 𝛿 in the 

rock, and the time to fracture 𝑡! for that rock (details can 
be found in the reference). 

 

 
 
This scaling coefficient is strongly tied to the specific  
material properties: 
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as is the thermal skin depth. Now, the values for these 
material properties that were used in the original scaling 
paper [2] were those for a generic carbonaceous 
chondrite (see Table 1). 
 

 
Table 1: Material parameters of generic 
carbonaceous chondrites [2]. 
 
Given the new data available on these specific asteroids 
from the literature, we have an updated estimate of these 
parameters (which will vary with the porosity). The 
updated parameters are shown in Table 2. 
 

 
Table 2: Updated material parameters for rocks on 
Bennu and Ryugu based on recent literature 
[3, 4, 6, 7-9]. 
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Using these new material parameters, we can now 
provide updated estimates of the time to breakdown a 
rock on the surfaces of Bennu and Ryugu, based on the 
thermomechanical scaling model of El Mir et al. [2]. 
The updated predictions are compared to the original 
estimates in Figure 1 and 2 below, for Bennu and 
Ryugu respectively. 

 
Figure 1. Updated predictions of rock breakdown 
time due to thermal fatigue on Bennu, as a function 
of rock diameter and estimated porosity.  

 
As seen in the graphs, rocks on Ryugu are predicted 

to have shorter times to breakdown than those on 
Bennu. This is likely due to the significantly lower 
thermal inertia and thermal conductivity values for 
Ryugu. This would then suggest, for example, that the 
surface of Ryugu may be dominated by smaller rocks 
[5].  
 
 

 
Figure 2. Updated predictions of rock breakdown 
time due to thermal fatigue on Ryugu, as a function 
of rock diameter and estimated porosity.  
 

There are of course significant limitations to such a 
model. The model does not consider the presence of pre-
existing regolith covering the surfaces of rocks – the 
presence of an overlay of regolith would prevent rocks 
from experiencing the full diurnal temperature 
difference and hence increase breakdown periods. It 
also assumes that material properties do not change with 
depth inside the rock. Note that it has been established 
in the prior work [2] that there exists an optimal range 
of skin depths and rotation periods over which thermal 
fatigue is most efficient. 
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10.00 123.00 54.35 40,000.00

20.00 881.00 389.20

30.00 2,787.00 1,231.00

40.00 6,308.00 2,787.00

50.00 11,890.00 5,252.00
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