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What role do thermal fracture processes play on airless body surfaces? 

Thermal fatigue is driven by 
diurnal/annual thermal cycling.

Expressions of fatigue are 
widespread on Bennu, most 
clear is boulder exfoliation.
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What role do thermal fracture processes play on airless body surfaces? 

We measured the thickness of 
exfoliation “flakes” from 
shadows, of order 1 to 10 cm.

Consistent with terrestrial 
exfoliation, though on Earth 
it’s assisted by the chemical 
environment.



We modeled diurnal stress fields in CI/CM chondrite boulders on Bennu.

Exfoliation is driven by stress in the 
near-surface during heating. 

One or more surface-parallel fractures 
may develop within ~1-3 diurnal skin 
depths (a few 10s of cm).



We modeled diurnal stress fields in CI/CM chondrite boulders on Bennu.

Stresses reach ~0.3-3 MPa, comparable to the full tensile strength of terrestrial 
phyllosilicate materials and exceeds estimates for Ryugu (Grott et al., 2019).



Predict depth and spacing of exfoliation layers using the thermal strain energy. 

Strain energy is potential energy stored in the boulders as they undergo elastic 
deformation. It’s highest in the late afternoon when exfoliation is most likely to occur.

Cracks form where the available energy = the surface energy of the new crack walls.
Assume each layer disaggregates into equally sized particles.



Predict depth and spacing of exfoliation layers using the thermal strain energy. 

Layers thickness increases with depth. 
Characteristic crack spacing ranges 
from ~1 mm to 13 cm.

Dashed lines show where cracks form.

Consistent with: 
• measurements of exfoliation layers 
• ejected particles sizes



To calculate ejection speed, convert strain energy to kinetic energy.

Exfoliation

Surface Cracking

1 m boulder:

We know one or more parallel fractures can form. If we assume single crack forms at arbitrary 
depth, we can calculate the excess strain energy available for ejection.



To calculate ejection speed, convert strain energy to kinetic energy.

Surface Cracking

Exfoliation

Speed with boulder size:

Max speed ~1.3 to 2 m/s for 1 to 10 cm particles, 
within a factor of two of observed (~3 m/s).



Compare to Observations

Thermal fatigue is a viable candidate for Bennu’s activity, may work together with impacts.

Molaro et al., 2020. In situ evidence of thermally induced rock breakdown widespread on Bennu’s surface, Nature Communications, 11(1), 1-11.
Molaro et al., 2020. Thermal fatigue as a mechanism for asteroid activity, Journal of Geophysical Research: Planets, 125(8).


