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Abstract 
Thermally driven fracture processes have been 
hypothesized to act on asteroid surfaces, driving rock 
breakdown, regolith production, and landscape 
evolution. We will present observations of fractures 
and boulder morphologies on Bennu that reflect the 
action of thermal fracturing processes and relate 
these to simulations that may explain their formation. 

 

1. Introduction 
Thermally driven fracture processes have been 
hypothesized to act on the Moon [1, 2], Mars [3, 4], 
Earth [e.g., 5], asteroids, [e.g., 1, 2, 6, 7] and comets 
[e.g., 8, 9], driving rock breakdown and regolith 
production on their surfaces. Thermal cycling 
induces mechanical stresses in rocks that drive the 
propagation of microcracks, which may grow into 
larger-scale features. The interaction between stress 
fields generated at micro- and macroscopic scales 
controls the size and shape of disaggregated material 
[1–2, 4], which in turn affects the volume and 
distribution of rocks and regolith on these surfaces. 
Understanding this process is critical to 
characterizing landscape evolution and surface 
properties of these bodies. 

Recent modeling efforts [1–5] have shed light on the 
basic nature of this process; however, its efficacy is 
not well constrained, and its signature is often 
difficult to distinguish in observations from that of 
other active weathering mechanisms. For example, 
thermal breakdown may cause surface disaggregation 

on lunar boulders, but micrometeorite bombardment 
is also known to be active on the lunar surface [10] 
and could result in similar boulder morphology. 
Now, exploration of the surface of Bennu by the 
Origins, Spectral Interpretation, Resource 
Identification, and Security–Regolith Explorer 
(OSIRIS-REx) spacecraft is providing an 
unprecedented opportunity to study this process up 
close. Imaging of the surface at 3–5 cm/px shows 
diverse boulder morphologies reflecting different 
weathering processes and modes of failure and 
reveals the first direct evidence of thermal 
breakdown occurring in situ on an airless body.  

2. Observations 
Bennu’s surface is subject to both a diurnal and 
annual thermal cycle, which may drive crack 
propagation in boulders over different spatial and 
temporal scales. Induced stresses are known to vary 
with boulder size and composition [1, 2], and these 
and other factors may produce a wide variety of 
morphological features on Bennu’s surface. We will 
present observations of fractures and boulder 
morphologies on Bennu that may reflect the action of 
thermal fracturing processes. We nominally identify 
four such features: exfoliation, regularly spaced 
surface-perpendicular and/or contraction cracks, 
singular or multiple-parallel linear through-going 
fractures, and fines-producing surface 
disaggregation. We will relate these observations to 
simulations (below), as well as investigate possible 
relationships between feature type and characteristics 
(e.g., albedo, size-frequency distribution) of the 
boulder population [11].  
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3. Modeling  
We will relate surface observations to both existing 
[1, 2, 5] and new 3D simulations of thermally 
induced stress fields in boulders and describe how 
each type of feature can be produced by crack 
propagation driven by these stresses. We will discuss 
the extent to which each feature is solely and/or best 
explained by thermal fracturing processes, and which 
other weathering mechanisms may also contribute. 
We will also simulate stress fields in boulders due to 
both diurnal and annual thermal cycling, and with   
varying diameter, shape, latitude, and solar distance. 
This will allow us to constrain the rate and relative 
efficacy of thermal fracturing processes across 
Bennu’s surface and throughout its orbit. Preliminary 
results show that peak stresses range from ~1 to >10 
MPa over this parameter space. This exceeds the 
strength of many terrestrial phyllosilicate rocks [e.g., 
12], suggesting that both rapid (e.g., contraction 
cracking) and slow (e.g., subcritical crack 
growth/fatigue) crack formation processes could play 
a role.  

In addition, we will quantify the stored elastic strain 
energy in boulders susceptible to thermal breakdown 
and assess the extent to which these processes may 
mobilize or eject particles from Bennu’s surface. 
Preliminary results suggest that a meter-scale boulder 
can store enough energy to eject a centimeter-sized 
particle from Bennu’s surface at speeds of meters per 
second. This is consistent with the speed of particles 
observed during ejection events at Bennu [13]. 
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