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Introduction: Thermally induced rock breakdown 

is thought to be a significant driver of regolith 
production and landscape evolution on asteroid 
surfaces [e.g., 1–4]. Thermal cycling induces 
mechanical stresses 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]. 
This affects the volume and distribution of rocks and 
regolith on an asteroid’s surface, which in turn 
influences the thermal behavior of the landscape as a 
whole. It also has critical implications for 
understanding asteroid orbital evolution. Recent 
modeling efforts [1–5] have shed light on the basic 
nature of this process; however, its efficacy is not 
well constrained.  

The OSIRIS-REx spacecraft will collect high-
resolution imaging with global coverage of the 
surface of asteroid Bennu, providing an 
unprecedented opportunity to search for evidence of 
thermal breakdown occurring in-situ on its surface. 
Characterizing this process is key to understanding 
Bennu’s surface evolution and properties, especially 
in the context of other phenomena such as creep and 
mass wasting, space weathering, and impacts. It also 
has critical implications for understanding Bennu’s 
orbital evolution. Even relatively low-resolution 
images show evident cracking.   

We explore the contribution that thermally 
induced crack propagation plays in the development 
of boulder-scale fractures on Bennu’s surface. We 
simulate temperature and stress fields in spherical 
boulders over a range of sizes to determine over what 
spatial scales diurnal and annual thermal cycling may 
drive crack propagation. We then simulate real 
boulders and topographical features observed on the 
surface using images and a global shape model. By 
relating their simulated stress fields to observed 
fractures, we will assess which types of features on 
Bennu may be thermally driven, and explore 
implications for landscape evolution. 

Observations: The OSIRIS-REx PolyCam 
instrument recently captured the highest pixel-scale 
images to date (33 cm/pixel original plate scale or 
IFOV) of Bennu’s surface. We readily observe 
boulders with large fractures all over the surface, and 
have noted multiple fracture types. For example, 

many boulders show straight, through-going fractures 
that split them two, whereas others show fracture 
networks. Some clusters of boulders appear as though 
they have disaggregated in-situ from a once 
competent larger object. Boulders with oddly shaped 
cracks suggest an interaction between crack 
propagation and bulk internal structure. We also 
observe parallel and semi-parallel linear fractures in 
large (10s of meters) topographical features, as well 
as evidence of near-surface disaggregation or 
exfoliation in objects over a range of spatial scales.  

Different fractures and fracture types may have 
different origins, such as from tectonic, impact, or 
thermal processes. These processes also interact, for 
example fractures created by impacts may be 
subsequently driven by thermal fatigue. We relate 
these observations to simulations in order to 
distinguish which fractures may be thermally driven.  

Model: Following [1], we used COMSOL to 
perform 3D finite element simulations of the response 
of boulders on Bennu’s surface to thermal cycling, 
allowing us to investigate the magnitude and 
distribution of resulting stresses. We modeled a 
boulder embedded in a volume of lunar-like regolith 
(Fig. 1). While the amount of fines at Bennu’s surface 
is unknown, we matched the combined surface albedo 
of the geometry to observations [8] to facilitate 
preliminary estimates of boulder behavior. We 
imposed a solar flux over one day at an equatorial 
location at Bennu’s semi-major axis (1.1 AU) and 
solved the heat and displacement equations, 
accounting for the radiative and conductive 
interaction between the boulder and regolith.  

The sides of the regolith are fixed with respect to 
displacement, whereas the surface of the regolith and 
the boundary of the boulder are free, allowing them to 
expand and contract in response to the thermal 
cycling. The material properties of the regolith are 
temperature and depth dependent, following the work 
of [9]. The boulder is assumed to be a CI chondrite, 
with bulk material properties determined by the 
relative volume of its mineral constituents [e.g., 10-
11].  These properties are fixed, with the exception of 
a temperature dependent heat capacity [11]. 

In addition to a diurnal cycle, Bennu has an annual 
thermal cycle that arises due to its orbital eccentricity.  
These cycles may drive crack propagation in objects 
over different spatial and temporal scales. To simulate 
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Figure 1. Snapshot of 
the (max principal) 
stress in MPa over a 
2D cross section of a 
0.6 m boulder near 
sunrise (sun is to the 
right).  
 
 
 
 
the annual cycle, we modeled a half-sphere 27 m in 
diameter resting atop the regolith volume. The surface 
around the boulder is assumed to be thermally 
isolated and we imposed the solar flux over one full 
Bennu year with the diurnal variations smoothed 
away. Diurnal and annual skin depths are calculated 
assuming idealized cohesive boulders with no 
porosity, matching the idealized simulations. These 
values represent upper limits, as accumulation of 
damage from thermal and impact processes will 
decrease the density and lead to shallower skin 
depths. 

Preliminary Conclusions and Future Work: We 
compared the maximum principal stress (where 
tensile stress is positive) induced in boulders with 
varying radii for diurnal (Fig. 2) and annual thermal 
cycles. This value represents the maximum idealized 
energy available for crack propagation at a given time 
and a given location within the boulder. Peak diurnal 
stresses are on the order of 1-10 MPa, and increase 
with increasing diameter. This is consistent with 
stresses thought to drive crack propagation in cliff 
faces on Comet 67P that lead to cliff collapse [7], 
suggesting diurnally driven thermal breakdown may 
also operate on Bennu. 

The diurnal thermal wave can only propagate to 
~5× the diurnal skin depth (~0.6 m) into a boulder, 
limiting the depth to which stresses may be induced. 
While larger boulders have higher stresses, their 
region of influence is limited to the near-surface. On 
the other hand, boulders ~0.6-0.8 m in diameter 
experience stresses throughout the majority of their 
volume at only moderately lower stress amplitudes. 
We expect boulders of this size to be most susceptible 
to diurnally driven thermal crack propagation on 
Bennu, leading to granular disintegration and near-
surface disaggregation, as well as through-going 
fractures. 

The annual thermal wave can penetrate to a depth 
of ~27 m. Peak annual stress in a 27 m boulder is on 
the order of  10s of megapascals. While surface 
disaggregation is likely to be dominated by shallower, 
diurnal effects, the stress fields induced in the interior 
of these large boulders may lead to the development 
of through-going fractures and fracture networks over 
longer time periods.  

We will present simulations of spherical boulders 
over a wide range of sizes, latitudes, and solar 
distances and explore the implications for where 
breakdown may be most likely on Bennu’s surface. 
We will also simulate real, topographical features on 
Bennu’s surface, including round and angular 
boulders with through-going fractures and fracture 
networks, mounds with linear fractures, and 
disaggregated boulders. We will relate the simulated 
stress fields to their fracture orientations and fragment 
sizes, and assess whether or not thermal crack 
propagation may aid in their development. We will 
also relate our results to the fracture and boulder size-
frequency distributions quantified by other members 
of the OSIRIS-REx team, and explore the 
implications that thermal breakdown may have for 
Bennu’s landscape evolution. 
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Figure 2. Peak (max principal) diurnal stress 
experienced by boulders of varying diameter on 
Bennu.  
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