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Introduction: In 2022, the NASA DART spacecraft performed a kinetic impact on the asteroid
Dimorphos. This first attempt of asteroid deflection was highly effective and demonstrated the
feasibility of modifying an asteroid trajectory. The on-board camera, DRACO, captured images of the
binary asteroids Didymos and Dimorphos during the approach. These images showed Didymos to
have a relatively smooth equatorial region compared to the polar terrains. Linear groove-like
features perpendicular to the equator can be seen.

In this work, we use the DRACO images and boulder tracks visible on the surface to apply a
previously validated geotechnical approach [1] and estimate the bearing capacity of the surface of
the primary asteroid Didymos. Our findings have been accepted for publication at Nature
Communications [2].

Geotechnical properties of asteroids affect their geology and evolution [3] and are important
parameters in numerical models of the formation and history of small bodies. Moreover, they are
also important for any space mission involving surface operations or interactions [4]. The ultimate
bearing capacity is the maximum pressure that a surface can withstand without experiencing shear
failure [5].

Methods: Image processing solutions were used to visualize and measure the boulder tracks. We
applied a Laplacian filter that increases the visibility of the contours by enhancing the zones with
high intensity gradients. To quantify the influence of image resolution on our measurements, we
conducted successive degradations of resolution that showed measurement errors up to ~10%. The
bearing capacity estimate takes into account a possible error of one pixel (~50% error) on the track



width measurements.

The values for Didymos’ size, mass, gravity field and spin rate [6] show a very small effective
gravity, that combines both gravitational and centripetal accelerations. The topographic data from
[7] provides evidence for a change in gravitational potential on the surface of Didymos. The surface
presents a minimum of geopotential at the equator (Fig. 1) due to the fast rotation of Didymos,
supporting the hypothesis of the observed lineaments being tracks formed by boulders moving on
the granular soil. The coordinates in latitude and longitude of these tracks were measured using the
Small Body Mapping Tool [8] to locate them on the gravitational potential map (Fig. 1). The change
in gravitational potential along each track is reported in Fig. 1, and shows a lower gravitational
potential at the end of all the tracks, indicating that the boulders would have moved towards the
equator to minimise their geopotential.
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Figure 1. Topography of Didymos at the boulder track locations. (a)
Map of the gravitational potential over the surface of the asteroid Didymos
from ['Barmouin et al., 2024] with the positions of the identified boulder
tracks (Fig. 1) indicated. (b) The change in gravitational potential along
each of the tracks is shown as a function of the normalised track length
(i.e., along track distance / total track length) measured from higher to
lower latitudes.



Results: From the DRACO images, 15 possible boulder tracks are identified on the surface of
Didymos, shown in Fig. 2b, among which 9 are chosen to be studied further. We measure manually
the width and length of each track in the processed images. The track widths have a mean and
standard deviation of 8.9 +/- 1.5 m.

Figure 2. Identification of plausible boulder tracks on asteroid Didymos. a. The approximate
equator (dashed magenta line), example boulder tracks (magenta arrows) and likely boulders (white
arrows) on the surface of Didymos. b. The fifteen boulder tracks identified on the surface of Didymos

are indicated by the magenta lines. The image used here is a cropped section of DRACO image
22206, after Laplacian filtering.

Using the track width measurements, we applied the Terzaghi equation, previously applied to the
lunar soil [1, 9], that relates the shear strength of the soil to the material properties and the track
measurements. We performed Monte Carlo simulations to account for the uncertainty in the key
parameters (friction angle, cohesion and density) which we vary within their expected ranges found
in recent studies [6, 7, 10, 11]. We find an average bearing capacity of 70 N/m2 (Fig. 3).
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Figure 3. The bearing capacity of the surface of Didymos estimated using a Monte
Carlo simulation. Uniform distributions are assumed for the key variables in the range
of: ¢ € [25;45]°, ¢ € [0;10] N/m¢, p € [1000;3000] kg/m*, GM € [33.9; 36.9] m/s®, R €
[383; 405] m, B € [4.47; 13.33] m, D € [0; 13.33] m. A total of 100,000 iterations are
performed and the histogram of the results is shown in grey. The fitted lognormal
distribution (shown in red) has a mean and mode of 70 and 17 N/m?, respectively. The
lognormal fit has parameters p=3.8and o= 1.0.

Conclusion: The linear features observed on Didymos seem to be tracks formed by boulders
moving down the gravitational slope towards the equator. From the 9 tracks identified, we find an
average boulder track width of 8.9 +/- 1.5 m. Using a geotechnical approach, we estimated the
mean bearing capacity of Didymos to be 70 N/m2. This means that every 1 m2 of Didymos’ surface
can support only ~70 N of force before experiencing shear failure. This is at least 1000 times
smaller than the bearing capacity of dry sand on Earth (~10° N/m2). The upcoming ESA Hera
mission will return on site in 2026 and provide high resolution images of Didymos. This will provide
confirmation that the observed features are indeed tracks formed by boulders.

Our work will also be put into practice through an experimental project that was selected for the ESA
Academy Experiment Programme, led by a student team from ISAE-SUPAERO in France. Sinkage
experiments in low gravity conditions will be conducted using the ZARM drop tower, in order to
measure the bearing capacity of surface materials and test the influence of cohesion.
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