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Abstract

Space-based [12] and remote sensing observations [4]
reveal that regolith – a layer of loose unconsolidated
material – is present on all asteroids, including very
small, sub km-sized near-Earth asteroids (NEAs) such
as (25143) Itokawa [7].

Classically, regolith is believed to be produced by
impacts of small particles hitting asteroid surfaces.
Such explanation works for bodies whose gravity field
is strong enough for substantial reaccretion of impact
debris, but it fails to account for the ubiquitous pres-
ence of regolith also on small asteroids with weaker
gravity.

Several works [6, 5, 10] have proposed that the ther-
mal fatigue due to a huge number of day/night temper-
ature cycles is a process responsible for the formation
of regolith on the Moon, Mercury, and on the NEA
(433) Eros by fracturing boulders and rocks on their
surfaces. However, this process lacks a demonstration.

Here we present laboratory experiments of thermal
cycling of meteorites – taken as analogue of aster-
oid surface material – to study under which conditions
rock cracking on NEAs occurs.
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Figure 1: Images to scale of all small bodies (asteroids and comets) visited so far by space missions, 
showing the great diversity in size, shape and surface characteristics. The largest body in the image is 
the 100 km-sized (21) Lutetia observed by the ESA mission Rosetta. The smallest, not visible in the 
image, is the 350 m-sized (25143) Itokawa visited by the JAXA mission Hayabusa. 
 
The regolith properties are found to be very different from one object to the other. As can be 
seen on Fig. 2, while it corresponds to fine particles (typical size < mm) on Eros, no such 
particles are found on Itokawa whose regolith is rather composed of gravels and pebbles 
(typical size > mm). The regolith thickness seems to be related to the surface gravity: the 
smaller the gravity, the smaller the thickness.  
 

  
Figure 2 : Regolith on asteroid surfaces. Left : surface of (433) Eros, covered with a layer of a fine 
regolith of 10-100 m depth ; right : surface of (25143) Itokawa covered with an outer regolith layer 
consisting of gravel and pebbles, with mean depth of about 44 cm.  
 
Remote-sensing observations (from the ground and/or from space observatories such as 
Spitzer and WISE) provide also indirect evidence of the presence of regolith on asteroid 
surfaces. The regolith is in this case inferred from the thermal inertia. Thermal inertia is a 
measure of the resistance of a material to temperature change. It is defined as ! = ("#c)1/2, 
where # is the thermal conductivity, " the density and c the specific heat capacity. The value 
of the thermal inertia is almost inversely proportional to the porosity of the material 
(Zimbelman, 1986; Consolmagno et al., 2010). A regolith-covered surface has porosity larger 
than a bare, solid surface of the same material. Consequently the presence of regolith 

Figure 1: Regolith on NEAs from direct imaging. Left
panel: the 30 km-size asteroid (433) Eros – the second
largest NEA observed by the NASA NEAR Shoemaker mis-
sion [12]. Right panel: the 0.35 km-size Itokawa, visited by
the JAXA Hayabusa spacecraft [7].

Temperature cycles on NEAs

For an albedo=0.2, P=2.5h, thermal 
inertia = 300 J m-2 s-0.5 K-1
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Figure 2: Top: The temperature cycling of the laboratory
experiments (blue) compared to the typical temperature cy-
cling experienced by NEAs at 1 AU (pink) and at 0.7 AU
(red). Bottom: The laboratory experiment protocol. Sample
characterisation is performed when t = 0 (t1), after 1 week
(t2) and after 6 weeks (t3).

1. Laboratory Experiments

We performed laboratory experiments of temperature
cycles on meteorites. Samples of the Murchinson me-
teorite (CM) were exposed to 410 temperature cycles
between 243 and 410 K with a period of about 2.2
hours in a climatic chamber (Fig. 2). This tempera-
ture range is typical for the large majority of NEAs,
including Eros (Fig. 2).

The growth of fractures – due to thermal fatigue –
is expected to change the density of the samples as
a function of the number of cycles. We used X-ray
computer tomography (CT) to measure the density of
our samples, initially (t1), after one week (t2) and after
six weeks (t3) of temperature cycles.
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2. Analysis of Experiments
To compare tomographic sections at different times the
volumes had to first be accurately aligned and scaled
to the same resolution. To do this, several markers
(distinctive features) in the meteorite were identified
within the volumes at t1, t2 and t3. Using the 3d coor-
dinates of these markers a transformation matrix was
found to align the volumes at t2 and t3 to the volume
at t1 (See Fig. 3 for examples of aligned volumes at t1
and t3).

(a) (b)

Figure 3: Tomographic sections of the Murchinson mete-
orite sample (a) before and (b) after 6 weeks.

Once aligned, the cracks within the tomographic
sections were identified via a series of image analy-
sis operations. This finally produces a binary mask
showing the location of the voids within the volume.
Shown in Fig. 4 are the voids detected in the Murchi-
son meteorite at t1 and at t3. Two important features
can be noticed. First, in the top right of the image,
macrosopic parts have detached during the process of
thermal cycling. Second, the fractures that existed in
the meteorite at t1 have grown in size at t3.

To quantitatively compare the volume of cracks in
t3 compared with t1, a closed binary mask was used.
This closed mask has the form of the tomographic sec-
tion at t3 but is slightly reduced in size. We then cal-
culate the area within the closed mask at both t3 and
t1, which consists of voids. This process is repeated
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Figure 4: Binary masks showing the voids within the vol-
ume for tomographic sections of the Murchinson meteorite
sample (a) before and (b) after 6 weeks. Note the part on the
top right of the mask present in (a) that has disappeared in
(b).

for every 2D section within the tomographic volume.

3. Summary and Conclusions
We performed laboratory experiments of thermal cy-
cling of a meteorite using a value of the temperature
time gradient that is similar to the large majority of
NEAs. We have also presented the techniques used
to analyse our experimental data. Our preliminary re-
sults show that fractures are developing within the CM
chondrite as the thermal cycling progresses. This sug-
gests, therefore, that thermal fatigue cracking is a pro-
cess capable of regolith formation on NEAs analogous
to CM chondrites.
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