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ABSTRACT: Various investigations have been conducted on the Martian regolith on the landing site of the NASA InSight mission on 
Mars. The InSight mission (2018 – 2022) is a geophysical mission aimed at better understanding the structure of Mars by using a broad 
band seismometer that provided new information about the planet’s seismicity. Some information has also been gained on the regolith 
properties thanks, among other things, to two colour cameras and to the scoop placed at the end of the Instrument Deployment Arm 
(IDA) of the lander. To improve the quality of the signal provided by the seismometer, it was decided to bury the tether connecting it 
to the lander by pouring on it a pile of regolith using the IDA scoop. Detailed investigation of the regolith quantities extracted from the 
ground and poured onto the pile evidenced that some regolith particles (40%) has been blown out by the Martian wind, that was 
simultaneously recorded by the lander weather station. Numerical calculations were carried out to model the combined effects of 
(vertical) gravity and (horizontal) wind drag force on the falling particles. Unsurprisingly, it was showed that the largest particles felt 
below the scoop, forming a pile covering the tether, whereas smaller particles felt further away, the smaller the particles, the larger the 
distance, with silty and dust particles smaller than 100 micrometres blown away. Hence, a partial in-situ estimation of the grain size 
distribution of a soil was obtained for first time in extra-terrestrial conditions. 
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1 INTRODUCTION 

The InSight mission is a geophysical mission conducted by 
NASA with the support of the French and German Space 
Agencies (CNES and DLR, respectively), aimed at better 
understanding the structure of Mars (Banerdt et al. 2020). The 
InSight lander (see  Figure 1) landed in a ~27-m-in-diameter, 
degraded impact crater in a Hesperian-Early Amazonian 
volcanic plain of the western Elysium Planitia (Golombek et al. 
2020). Among other instruments, the InSight lander 
accommodated a very sensitive seismometer provided by 
CNES and IPGP (Paris Institute of Earth Physics), that was 
placed on the Mars ground by using the Instrument Deployment 
Arm (IDA). This seismometer recorded earthquakes and 
meteorite impacts during the mission (2018 – 2022). The other 
instrument seen on the ground is the so-called HP3 device (Heat 
flow and Physical Properties Package) provided by DLR, 
consisting in a dynamic self-penetrating thermal probe aimed at 
measuring heat transfer at surface.   

Figure 1. Artist view of the InSight lander with, among other devices, 
the two solar arrays, the detail of the seismometer SEIS under its Wind  
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and Thermal Shield (WTS), the IDA and the tethers connecting both 
the SEIS and the support system of the Heat Flow Probe (called HP3), 
a self-penetrating dynamic penetrometer aimed at measuring the 
thermal properties at surface. Image credit NASA-JPL and IPGP D. 
Ducros (see Delage et al. 2024 for more details). 

As described in Spohn et al. (2022), because of the lack of 
sufficient friction along the probe shaft, the penetration has only 
been possible, with the help of the IDA, along a little bit less 
than the 40 cm probe length.  

Besides geophysical observations, significant information 
could also be gained on the mechanical properties of the surface 
regolith thanks to the lander cameras and by using the scoop 
placed at the end of the IDA (Delage et al. 2023, Golombek et 
al. 2023).  

Interesting information was gained during an operation 
aimed at burying the tether connecting the seismometer to the 
lander (Yana et al. 2023) to reduce the perturbations due to the 
Martian wind (atmospheric pressure on Mars is 6 mb, with 95% 
CO2) and to the large changes in temperature (around 100 °C) 
between night and day. Wind and temperature were 
continuously monitored by a weather station accommodated on 
the lander. Other important instrument used for geotechnical 
purposes are the two colour cameras, the Instrument Context 
Camera (ICC) placed on the lander, and the Instrument 
Deployment Camera (IDC), of better resolution, placed on the 
IDA (see  Figure 1). 

The detailed monitoring of the mass of regolith scraped 
from the surface and that poured on the tether evidenced some 
loss of grains due to the wind, which in turn allowed to better 
define the grain size distribution of the surface regolith of the 
InSight landing site. 

2 THE REGOLITH AT THE INSIGHT LANDING SITE 

The scheme of Figure 2 shows that planet regolith result from 
meteorite impacts on the ground, that progressively reduce the 
bedrock (basalt in the case of InSight) into a ground granular 
medium. For smaller impactors, the impact only affects the 
granular surface regolith with only granular ejecta around the 
crater, whereas larger impactors also impact the bedrock, 
resulting in having rocky ejecta around the crater.  

 
Figure 2. Scheme of the formation of planetary regolith. 

The difference between craters can be observed in the 
photo of the fresh craters of Figure 4, with rocky ejecta around 
crater A (112 m diameter, with small black dots) and no rocky 
ejecta in crater B (75 m diameter). The depth at which ejecta is 
sourced in fresh craters is 0.084 times the diameter (Golombek 
et al. 2017), showing from crater B that the regolith thickness 
of larger than 6.3 m.  

 
Figure 3. HiRISE (High Resolution Imaging Science Experiment) 
image showing a fresh crater (A, 112 m diameter) with rocky ejecta 
around and B (75 m, with no rocky ejecta around) (Golombek et al. 
2017).  

A typical profile illustrating the formation process 
presented in Figure 2 is shown in Figure 3, where one can see 
the basaltic bedrock (with a talus at its base), covered by a layer 
of blocky ejecta and, above, the granular regolith. 

Further surface processes of the formation of regolith on 
Mars include weathering, erosion, grain saltation and sorting by 
gravity and winds (which is not the case on the Moon where 
there is no atmosphere).  

 
Figure 4. A portion of the exposed steep scarp in southern Utopia 
Planitia (Golombek et al. 2018). 

Orbiter measurements of the thermal inertia I of the surface 
soils on Mars provided a first estimation of their grain size. 
Thermal inertia (unit Jm−2K−1s−1/2) is given by: 

𝐼 = #𝑘𝜌𝑐! (1) 

where k is the thermal conductivity, ρ the density, and cp the 
specific heat capacity of the material. The principle that allows 
derivation of average particle size from thermal inertia is 
simple: for the same global mass, the changes in temperature of 
larger particles are slower than those of smaller ones. While 
density and specific heat capacity vary little, thermal 
conductivity can vary by orders of magnitude, depending on 
bulk porosity, composition, grain size (and also the state of 
cementation or induration). 

Figure 5 shows a colour map of thermal inertia values 
characterised around the InSight landing site by the THEMIS 
(Thermal Emission Imaging System) instrument on board of the 
Mars Odyssey spacecraft launched in 2001 (e.g., Putzig & 
Mellon, 2007).  
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Fig. 31 (a) HiRISE image ESP_035640_1845 displaying a relatively fresh rocky ejecta crater (A) and a
similarly-fresh non-rocky crater (B). Both craters exhibit similar infill, show bedforms that have collected
against their rims, and share a similar elevated crater rim (morphology Class 3). Crater A is 112 m in diameter.
Rocks in the continuous ejecta of this crater were excavated from a maximum depth of ∼8 m. Crater B is
75 m. Material in this crater’s ejecta was excavated from a maximum depth of ∼6 m. The lack of m-scale
rocks in crater B’s ejecta suggests a loose, surficial layer of regolith that is at least 6 m deep. Note small
secondary craters from Corinto with characteristic light-toned ejecta. (b) HiRISE image PSP_002359_2020
of a portion of the exposed steep scarp of Hephaestus Fossae in southern Utopia Planitia at 21.9°N, 122.0°E
showing ∼10 m thick, fine grained regolith overlying blocky ejecta that grades into strong, jointed bedrock

distribution, and thickness across the final 4 landing ellipses. The REC diameters were used
to evaluate the depth to the rocky unit using the depth of excavation versus crater diame-
ter relationship (Melosh 1989) in which the continuous ejecta of simple craters is sourced
from 0.1 times the transient crater diameter, which is 0.84 times the final crater diameter.
Craters that are at the diameter threshold at which rocks first appear in the ejecta provide
an upper limit to the regolith thickness. A similar method has been used to determine the
near surface stratigraphy of terrains on both the Moon and Mars (e.g., Rennilson et al. 1966;
Shoemaker and Morris 1969; Thompson et al. 1979; Bart and Melosh 2010; Catling et al.
2011, 2012). We further quantify the rocky ejecta onset diameter by plotting the SFD of all
RECs. In the absence of surface processes that erode or bury craters and rocks, all craters
that are large enough to have accessed the rocky layer should have rocks in their ejecta blan-
ket. This is particularly true for fresh craters that are too young to have been obliterated by
modern degradational processes that operate at extremely low rates (e.g., Golombek et al.
2006; 2014c). The SFD of these larger, fresh rocky craters should follow a crater production
function (Ivanov 2001). If a loose surficial regolith is present however, the slope of a dis-
tribution that only includes rocky craters should decline at smaller diameters relative to the
production line.

Figure 32 displays cumulative and incremental plots for all RECs within the 17 HiRISE
images mapped in E9. The data closely follow a production slope at D > 200 m. This indi-
cates that any impact event that produced a >200 m diameter crater accessed a rocky unit
at depth. The largest REC is about 2 km diameter indicating that craters larger than this size
were not accessing a rocky unit, which limits the maximum depth of the rocky unit to about
200 m. The slope of the distribution decreases steadily at diameter bins <200 m. This indi-
cates that there are fewer <200 m size RECs than the production model predicts. There are
three possible explanations for the decline in the slope of the crater SFD: 1) smaller craters
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cates that there are fewer <200 m size RECs than the production model predicts. There are
three possible explanations for the decline in the slope of the crater SFD: 1) smaller craters
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Figure 5. Thermal inertia map of the InSight landing area (Golombek 
et al. 2017) (the ellipse – 130 km in length and 27 km in width – is the 
zone where the lander may land, once the target on Mars has been fixed 
from the Earth). 

One observes a green area of relatively constant thermal 
inertia with values between 160 and 230 J m−2 K−1 s−1/2 
(Golombek et al. 2017) that correspond to an average grain size 
of around 170 µm, showing that the surface is covered by a 
sandy regolith. In the Figure, high thermal inertia data are in red 
(I around 300 J m−2 K−1 s−1/2). Some red dots can be observed 
in craters with rocky ejecta (A, B), comparable to the crater A 
in Figure 3. 

The first direct observations of the soil on Mars were made 
through the cameras of the lander of the Viking 1 and 2 missions 
in 1976 (Moore and Jakoski 1989). More information was 
provided by subsequent missions from orbiters, landers or 
rovers. Most of the soils encountered are composed of 
dominantly sand size materials with some cohesion 
(Christensen & Moore, 2008). The sand is basaltic in 
composition, mostly 0.05 to 0.3 mm diameter (very fine to fine 
sand) and individual grains are generally equant to very equant 
and subrounded to rounded (e.g. Goetz et al., 2010; Ehlmann et 
al., 2017) confirming an origin via impact and aeolian activity 
(Golombek et al., 2020). Observation of most of the Martian 
aeolian bedforms (dunes, ripples, sand sheets...) showed that 
they are composed of 50 to 2 000 μm subrounded/rounded 
grains (e.g., Gough et al., 2021 in Gale crater, explored by 
Curiosity rover in 2012), with a preferential range of 
50 – 350 μm for mobile active grains in ripples.  

 Figure 6 (Goetz et al. 2010) shows a photo obtained by the 
optical microscope of the Phoenix lander, showing that regolith 
particles have been rounded by long term wind saltation (a 
significant difference with Moon regolith that keep being quite 
angular in the absence of any atmosphere). 

 

 
Figure 6. Microscopic observation of sub-rounded to rounded particles 
of Mars regolith at the Phoenix site. Picture width is 500 µm (Goetz et 
al. 2010).  

3 TETHER BURIAL OPERATIONS 

The tether burial operations are described in detail in Yana et 
al. (2023). Figure 7a shows a photo of the WTS taken on 14 
March 2021, 816st day of the mission, i.e. at sol 816 – a sol is a 
Martian day, approximately equal to a terrestrial day – i.e. more 
than two years after landing. The photo has been taken by the 
Instrument Context Camera (ICC) located on the lander (see 
Figure 1), prior to the tether burial operations.  

 
Figure 7. ICC images at two steps of the tether burial operations: (a) 14 
March 2021, sol 816; (c) 16 May 2021 (Sol 877) after the sixth dump, 
with more scraps observed at the left of the WTS.  

The photo shows that the landing area is flat with few rocks 
abundance at surface, as expected (Golombek et al. 2017). One 
of the lander feet can be seen on the bottom right, together with 
a rock that is not so far from the foot. One can see that the foot 
is embedded in the surface layer of granular regolith. The WTS 
is covered by dust (5 - 10 µm diameter) brought by wind (dust 
deposition was also quite critical on the solar arrays, leading to 
the end of the mission in December 2022 due to lack of energy 
production). One can also observe the tether connecting the 
seismometer to the lander (for energy providing and data 
transmission) and some scraps on the left of the WTS, made on 
the surface regolith by the scoop of the IDA.  

Figure 7c taken on 16 May 2021 at sol 877 shows the tether 
covered after the six dumps that have been made on the tether, 
with more scraps observed on the left of the WTS. One can also 
observe that the WTS has been cleaned by some dumps made 
on it. 

4 THE GRAIN SIZE DISTRIBUTION OF THE 
SURFACE REGOLITH 

The determination of the grain size distribution (GSD) of the 
surface regolith during the tether burying operations was not 
initially planned. It has been an opportunistic investigation 
resulting from observing that the mass poured on the pit was 
smaller from that extracted from scraps. Given that a proportion 
of 40% of (finer) particles has been blown away by the wind, 
the GSD determined here only characterises larger particles, 
typically larger than 100 µm, as will be seen later on. A detailed 
analysis of the processes and calculations made to determine 
the GSD can be found in Verdier et al. (2023).  

4.1 Scraping 

The configuration of the scraps was defined in detail from the 
photos taken by the IDA camera by using Digital Elevation 
Models (DEMs), as seen in Figure 8. 

The Figure shows both photos and DEMs prior scraping (a 
and d, respectively) and after scraping (b and e, respectively). 
The contour of the scoop extracted regolith is on red dash line.  
Figure 8f shows the difference between both DEMs, evidencing 
the shape of the mass of the extracted regolith. The volume 
contained in the scoop is not very well constrained due to the 
noise of the DEMs, the precision of their height (1 mm for each 
pixel) and the spatial delimitation of the extraction area whose 
width is estimated to be close to 2 mm. The average volume 
contained in the scoop is around 100 cm3, with a total volume 
reaching 652.5 ± 326.8 cm3 for the six shovelings.  
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(the average temperature of the atmosphere on Mars changes 
as much as 100 °C between days and nights) are slower for 
larger particles (small specific surface) and faster for small 
particles (high specific surface). Note however that inter-grains 
cementation in slightly cohesive granular materials may increase 
the thermal inertia. While density and specific heat capacity 
vary little for different soils, thermal conductivity can vary by 
orders of magnitude, depending on bulk porosity, composition, 
grain size and the state of cementation or induration.

Figure 11 shows a colour map of thermal inertia 
values characterised around the InSight landing site by the 
THEMIS (Thermal Emission Imaging System) instrument 
on board of the Mars Odyssey spacecraft launched in 
2001 (e.g., Palluconi & Kieffer, 1981; Mellon et al., 2000; 
Putzig & Mellon, 2007; Golombek et al., 2008).

The image in Figure 11 shows an area of relatively constant 
thermal inertia, in accordance with what is observed around 
the lander (see Figure 3). Orbital thermal inertia measurements 
indicated values between 160 J m−2 K−1 s−1/2 and 230 J m−2 
K−1 s−1/2 (Golombek et al., 2017), which were later confirmed 
by local measurements using the InSight HP3 Radiometer 
(Spohn et al., 2018; Golombek et al., 2020a; Mueller et al., 
2021; Piqueux et al., 2021). The average grain size derived 
from this value is around 170 µm. In Figure 11, high thermal 
inertia data are in red. Some red dots can be observed in rocky 
ejecta craters with I around 300 J m−2 K−1 s−1/2 (craters A, B), 
comparable with what can be directly observed in Figure 8.

4.2 Wave velocities and elastic properties of regolith 
simulants

A previous estimation of wave velocities at surface was 
helpful to interpret the surface wave data recorded by SEIS. 
To do so, a laboratory investigation of wave velocities was 
carried out in the laboratory, prior to the mission, on various 
regolith simulants. The selection of a relevant Martian regolith 
simulant (Seiferlin et al., 2008) is not an easy task. In the 
case of InSight, four simulants have been studied to match 
the range of parameters expected on Mars (Golombek et al., 
2008, 2017; Herkenhoff et al., 2008, see Figure 6). These 
simulants, often considered for missions on Mars, are the 
Mojave Mars Simulant (MMS, Peters et al., 2008), the 
Eifelsand and the MSS-D (Mars Soil Simulant-D) simulants 

(see Delage et al., 2017), together with a fourth simulant, the 
Fontainebleau sand (NE34). Compared to the first three that 
were too angular, the Fontainebleau sand is a well sorted sub-
rounded to rounded sand, preferable to reflect the mechanical 
effects of long-term saltation on the grains of Martian surface 
regoliths. A detailed description of the MMS simulant, of the 
Eifelsand and MSS-D simulants are given in Delage et al. 
(2017). The Fontainebleau sand, located in the Fontainebleau 
Forest near Paris, France, is almost exclusively composed 
of hyaline quartz (Andria-Ntoanina, 2011).

The grain size distribution (GSD) curves of the four 
simulants, presented in Figure 12, indicate that the GSD of 
MSS-D is clearly bi-modal (with both a 50% sand fraction - 
larger than 100 μm - and a 50% fraction of fine-grained 
crushed olivine, smaller than 100 μm in the silt size range). 
The GSDs of MMS and Eifelsand simulants are somewhat 
comparable, with however a greater percentage of smaller 
particles in the Mojave simulant. The Fontainebleau sand 
has a smaller average grain diameter D50 = 220 µm, a little 
bit larger than the 170 µm estimated value at the InSight site. 
The sand is quite well sorted around its mean diameter, with 
a uniformity coefficient Cu = 1.57.

The seismic velocities were measured by using bender 
elements inserted in top and bottom of triaxial specimens 
and able to generate and receive both shear and compression 
waves. The size of the specimen for the MMS, Eifel and 
MSS-D simulants was 50 mm in diameter and 100 mm in 
height. These simulants were tested from low to high confining 
stresses (i.e. 20 to 500 kPa), with densities of 1670 kg/m3 for 
MSS-D, 1550 kg/m3 for MMS, and 1350 kg/m3 for Eifelsand 
(Delage et al., 2017). When testing the Fontainebleau 
sand (Castillo-Betancourt et al., 2023), one tried to better 
replicate the Mars conditions of low density and low stresses. 
A larger cylindrical specimen (100 mm in diameter and 
170 mm in height) was used to have a longer wave travel 
path. To achieve a low density, the pluviation technique 
(Kolbuszewski, 1984) was used with very small fall height, 
allowing a low value of dry density of about 1400 kg/m3, 
corresponding to a density index Id of 6%. To minimize 
stress and have a homogeneous stress field, bender elements 

Figure 11. Thermal inertia values at the InSight landing site 
(Golombek et al., 2017). Figure 12. Grain size distribution of the Martian simulants.
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addition, pits (up to 10  cm deep) observed beneath the retro rockets and 
around the partially penetrated HP 3 mole showed steep walls and overhangs 
with small  pebbles cemented in a cohesive finer grained matrix called duric-
rust (Delage et  al.,  2022; Marteau et  al.,  2022; Spohn, Hudson, Marteau, 
et al., 2022; Spohn, Hudson, Witte, et al., 2022; Warner et al., 2022).

Regolith results from the interaction of several surface processes, such as 
meteor impacts, weathering, erosion, grain saltation, and sorting by gravity 
and winds; it thus offers a unique opportunity to constrain the mechanics of 
these processes. There are few ground observations of grain-size distributions 
in Martian regolith. They show a great diversity of sizes ranging from blocks 
to sandy particles (e.g., at Viking landing sites (e.g., Mutch et  al.,  1976; 
Shorthill et  al.,  1976)), at Mars Pathfinder site (e.g., Moore et  al.,  1999; 
Yingst et al., 2007), at Spirit site (e.g., Grant et al., 2004; Ward  et al., 2005), 
at Opportunity site (e.g., Weitz et  al.,  2006), at Phoenix site (e.g., Heet 
et al., 2009) and at Curiosity site (e.g., Weitz et al., 2018; Yingst et al., 2013). 
However, few quantitative constraints of the regolith grain-size distributions 
have been carried out in situ on Mars, in particular for fine grains.

Since the first observations made with the photos provided by the Viking 
landers'cameras (e.g., Moore & Jakoski,  1989), various estimations of the 
regolith grain sizes, ranging from few μm to few cm, were made on vari-
ous surfaces, including aeolian bedforms. Data from orbiters (e.g., Lane & 
Christensen, 2013; Rogers & Bandfield, 2009) and cameras onboard rovers 
with sufficient resolution (e.g., Ehlmann et al., 2017; Jerolmack et al., 2006; 
Sullivan & Kok, 2017; Sullivan et al., 2005, 2008; Weitz et al., 2018) have 
shown that most of the Martian aeolian bedforms observed are composed of 
50 to 2,000 μm subrounded/rounded grains (e.g., Gough et al., 2021; Sullivan 
et al., 2005, 2008; Weitz et al., 2018), with a preferential range of 50–350 μm 
for mobile active grains in ripples.

Although not planned at the beginning of the mission, an opportunity to 
further constrain the grain size distribution (GSD) of the granular surface 
regolith (few centimeters deep) occurred during the burial process of the 
tether connecting the seismometer to the lander. Burial was carried out with 
the scoop of IDA (Golombek et al., 2023; Yana et al., 2021, 2023) so as  to 
reduce glitches (Scholz et  al.,  2020) in the seismic signals by improving 
the tether thermal insulation. Burying consisted of scraping, shovelling and 
dumping the surface regolith above the tether. This paper describes how the 
GSD of regolith was further constrained due to sorting by wind and gravity. 
This was done based on fluid mechanics calculations and quantifications of 
the regolith dumped either in piles or deposited along downstream plumes 
that were observed on images.

2. Operational Context and Analysis of Regolith From 
Spacecraft Data
Tether burial was monitored by two 1,024 × 1,024 pixel color cameras with a 
millimeter spatial resolution (Maki et al., 2018). The ICC is mounted on the 

underside of the lander deck (Figure 1) with its “fisheye” field of view (FOV) 120° wide pointed toward south 
of the lander, monitoring the instruments deployed on the Martian ground (Figure 2). The IDC, mounted on the 
forearm near the elbow of the IDA (Figure 1), provides a panoramic view of the terrain surrounding the landing 
site by moving the arm (Trebi-Ollennu et al., 2018). It allows typical ground stand-off distances to capture images 
at 1 mm.pixel −1 (Maki et al., 2018). When the robotic arm's scoop is placed on the surface, the IDC can achieve 
its closest position to the surface at a height of 0.65 m, with the best resolution of 0.53 mm.pixel −1.

Figure 2. Images taken by the Instrument Context Camera at different steps 
of the tether burial operations. (a) Image taken on 14 March 2021, Sol 816 
of the InSight mission (local mean solar time—LMST—was 15:33:15.648 
p.m.). Note the arrow indicating the tether hump above the ground. Some dust 
stuck all over the WTS is observed; (b) Image taken at 15:37:09.227 p.m. (Sol 
816), few minutes after the first regolith dump. Note the cleaning of the WTS 
resulting from the dumped regolith flowing over the WTS. (c) Image taken on 
16 May 2021 (Sol 877) at 16:30:39.688 p.m., after the sixth dump, with more 
scrapes observed at the left of the WTS.
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addition, pits (up to 10  cm deep) observed beneath the retro rockets and 
around the partially penetrated HP 3 mole showed steep walls and overhangs 
with small  pebbles cemented in a cohesive finer grained matrix called duric-
rust (Delage et  al.,  2022; Marteau et  al.,  2022; Spohn, Hudson, Marteau, 
et al., 2022; Spohn, Hudson, Witte, et al., 2022; Warner et al., 2022).

Regolith results from the interaction of several surface processes, such as 
meteor impacts, weathering, erosion, grain saltation, and sorting by gravity 
and winds; it thus offers a unique opportunity to constrain the mechanics of 
these processes. There are few ground observations of grain-size distributions 
in Martian regolith. They show a great diversity of sizes ranging from blocks 
to sandy particles (e.g., at Viking landing sites (e.g., Mutch et  al.,  1976; 
Shorthill et  al.,  1976)), at Mars Pathfinder site (e.g., Moore et  al.,  1999; 
Yingst et al., 2007), at Spirit site (e.g., Grant et al., 2004; Ward  et al., 2005), 
at Opportunity site (e.g., Weitz et  al.,  2006), at Phoenix site (e.g., Heet 
et al., 2009) and at Curiosity site (e.g., Weitz et al., 2018; Yingst et al., 2013). 
However, few quantitative constraints of the regolith grain-size distributions 
have been carried out in situ on Mars, in particular for fine grains.

Since the first observations made with the photos provided by the Viking 
landers'cameras (e.g., Moore & Jakoski,  1989), various estimations of the 
regolith grain sizes, ranging from few μm to few cm, were made on vari-
ous surfaces, including aeolian bedforms. Data from orbiters (e.g., Lane & 
Christensen, 2013; Rogers & Bandfield, 2009) and cameras onboard rovers 
with sufficient resolution (e.g., Ehlmann et al., 2017; Jerolmack et al., 2006; 
Sullivan & Kok, 2017; Sullivan et al., 2005, 2008; Weitz et al., 2018) have 
shown that most of the Martian aeolian bedforms observed are composed of 
50 to 2,000 μm subrounded/rounded grains (e.g., Gough et al., 2021; Sullivan 
et al., 2005, 2008; Weitz et al., 2018), with a preferential range of 50–350 μm 
for mobile active grains in ripples.

Although not planned at the beginning of the mission, an opportunity to 
further constrain the grain size distribution (GSD) of the granular surface 
regolith (few centimeters deep) occurred during the burial process of the 
tether connecting the seismometer to the lander. Burial was carried out with 
the scoop of IDA (Golombek et al., 2023; Yana et al., 2021, 2023) so as  to 
reduce glitches (Scholz et  al.,  2020) in the seismic signals by improving 
the tether thermal insulation. Burying consisted of scraping, shovelling and 
dumping the surface regolith above the tether. This paper describes how the 
GSD of regolith was further constrained due to sorting by wind and gravity. 
This was done based on fluid mechanics calculations and quantifications of 
the regolith dumped either in piles or deposited along downstream plumes 
that were observed on images.

2. Operational Context and Analysis of Regolith From 
Spacecraft Data
Tether burial was monitored by two 1,024 × 1,024 pixel color cameras with a 
millimeter spatial resolution (Maki et al., 2018). The ICC is mounted on the 

underside of the lander deck (Figure 1) with its “fisheye” field of view (FOV) 120° wide pointed toward south 
of the lander, monitoring the instruments deployed on the Martian ground (Figure 2). The IDC, mounted on the 
forearm near the elbow of the IDA (Figure 1), provides a panoramic view of the terrain surrounding the landing 
site by moving the arm (Trebi-Ollennu et al., 2018). It allows typical ground stand-off distances to capture images 
at 1 mm.pixel −1 (Maki et al., 2018). When the robotic arm's scoop is placed on the surface, the IDC can achieve 
its closest position to the surface at a height of 0.65 m, with the best resolution of 0.53 mm.pixel −1.

Figure 2. Images taken by the Instrument Context Camera at different steps 
of the tether burial operations. (a) Image taken on 14 March 2021, Sol 816 
of the InSight mission (local mean solar time—LMST—was 15:33:15.648 
p.m.). Note the arrow indicating the tether hump above the ground. Some dust 
stuck all over the WTS is observed; (b) Image taken at 15:37:09.227 p.m. (Sol 
816), few minutes after the first regolith dump. Note the cleaning of the WTS 
resulting from the dumped regolith flowing over the WTS. (c) Image taken on 
16 May 2021 (Sol 877) at 16:30:39.688 p.m., after the sixth dump, with more 
scrapes observed at the left of the WTS.
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Figure 8. Quantification of the volume extracted by the scoop during 
dump 6. a) Photo before shoveling; b) Photo after shoveling; c) Global 
image of the scraps; d) DEM from image a); e) DEM from image b); f) 
DEM differencing between d) and e). The dashed red line contour 
indicates the scoop extracted regolith. Colours provide the depths in cm 
and the interval in contour lines is 1 cm. 

4.2 Shovelling and dumping 

To make sure that the tether is properly buried close to the 
WTS, the two first dumps were made on the WTS from a height 
of 55 cm, which resulted in cleaning it from dust, as seen in 
Figure 7c. The 4 following dumps were made from a height of 
45 cm. The DEM of the pit after dump 6 is presented in Figure 
9 (light comes from the right). The height of the pit is 4 cm with 
a basal surface of 334 cm2 and the pit volume was estimated at 
389.0 ± 234.3 cm3. 

When comparing it with that contained in the scoops 
during shovelling (i.e., 652.5 ± 326.8 cm3), one observes that 
about 40% of the material is missing. This was related to the 
effect of the wind, measured and found equal to 5m/s.  

 

 
Figure 9. Image after dump 6, resulting in a final 4 cm high pile with a 
basal surface of 334 cm2. Light comes from the right. Interval in contour 
lines is 1 cm. 

The localisation of the plume made up of the fraction of 
regolith moved away by the wind from the pouring scoop and 
deposited was made possible by observing the wide-angle 
images provided by the ICC.  

 
Figure 10. ICC images taken before (a) and after (B) dump 6. (c) image 
difference showing the dark plume made up of wind dispersed and 
transported particles.  

Figure 10 illustrates such observations before (a) and after 
(b) dump #6. Although no significant change between both 
images could apparently be detected, their subtraction and 
magnification following a method developed by Charalambous 
et al. (2021) clearly evidences the changes that occurred. As 
seen in Figure 10c, the dispersed regolith appears like a dark 
plume, longer than the 1.25 m observed in the figure. The plume 
starts close to the deposited sand pile and is oriented along the 
wind direction provided by the lander sensor (coming from 
N140° - ESE to N320° - WNW). The widening shape of the 
plume along the wind direction is typical of aeolian plume 
deposits. The length of the plumes of transported and deposited 
particles observed from image analysis, is comprised between 
1, 5 and 3 m, with wind speeds between 5 and 7 m/s.  

 

4.3 Determining the grain size distribution 

The principle of determining the grain size distribution is to use 
wind as a natural sorter thanks to drag effects. Particles mainly 
fall under the combined effects of gravity (g = 3.72 m/s2 on 
Mars) and wind drag force, with the larger ones falling closer 
from the source and the smaller ones further on (interactions 
between particles and their effect on the wind are neglected for 
shake of simplicity). To do so, a model considering both actions 
has been developed for spherical particles in Verdier et al. 
(2023), in which all relevant equations are presented in detail.  

Newton’s law of motion for each grain is as follows: 

𝑀𝛾⃗ = 𝜌!𝑉
𝑑𝑣
𝑑𝑡 = 𝐹"++++⃗ +	𝑃+⃗  (2) 

where 𝛾 is the acceleration, 𝜌! is the grain density (𝜌!= 3 Mg/m3 
for basalt), V the grain volume,  𝑣⃗  the grain velocity, 𝐹"++++⃗  is the 
wind drag force and 𝑃+⃗  the vertical downwards force due to 
gravity. 𝑃+⃗  corresponds to the weight of the particle: 

𝑃+⃗ =
𝜌!𝜋𝐷#𝑔

6 𝑧 (3) 

where D is the particle diameter.  
The horizontal wind drag force is proportional to the 

surface exposed to the wind (S = 𝜋𝐷$/4) and to the square of 
the horizontal wind velocity 𝑤!(𝑧)$, through a drag coefficient  
𝐶%, as follows: 

𝐹"++++⃗ =
𝜌&'(𝐶%𝜋𝐷$𝑤!(𝑧)$

6 𝑧 (4) 

where 𝜌&'( is the atmosphere density, derived from the 
meteorological data from the weather station onboard the lander 
(Banfield et al. 2019). 

The wind measurement is carried outat the height of the 
lander, i.e. 1.2 m above the ground, and a logarithmic correction 
is applied, according to Spiga et al. (2018): 

𝑤!(𝑧) = 𝑤)
ln 𝑧𝑟
ln 𝑧!𝑟

 (5) 

where z is the height of the ground, 𝑤) the wind speed measured 
at 𝑧! = 1.2	𝑚 and r is the surface roughness, estimated equal to 
1 cm (Charalambous et al. 2021). 

The complete set of equations, presented in Verdier et al. 
(2023) has been solved by using the Simulink solver of Matlab.  
As an example, Figure 11 provides an output of calculations 
made with a wind of 5 m/s with 5500 grains, i.e. 500 grains for 
each of the size between 100 and 1000 µm indicated on the right 
side of the Figure. Unsurprisingly, the Figure shows that the 
largest grains (1 000 µm) fall directly below the scoop, whereas 
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Figure 5. Process timeline for dump 6 through IDC images taken on sol 877: The Instrument Deployment Arm moves the 
scoop to extract regolith (11h04–11h08–11h12). Then, it carries regolith above the SEIS tether (t on image) at 11h19 before 
dumping it (11h23). Dashed contours are the location of shoveling (11h12) and dumping (11h23) areas, captured by the IDC 
later (16h22). One can still see the pin fixing the tether to the soil in the middle of the pile of dumped regolith (11h29).

Figure 6. Quantification of the volume extracted by the scoop during dump 6. (a) Orthorectified IDC image taken on sol 870 
before shoveling. (b) Orthorectified IDC image, sol 877 after shoveling. (c) IDC image acquired on 16 May 2021, Sol 877 
(local mean solar time for the image exposure was 16:06:13.981 p.m.). The scoop-extracted regolith is located at the center of 
scraping areas (dashed red line contour). Images d and e represent DEMs generated from IDC images (a) and (b). (e) Digital 
Elavation Models differencing showing the area of regolith extracted by scoop. The interval of contour lines is 1 cm.
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speeds recorded by the TWINS sensors. Note the curved shape of the plume of dump 4, showing the effect of the 
spheric shape of the WTS on the wind flow around it.

3. Grain Size Determination by Numerical Modeling and Simulations
Given that it was not possible to directly constrain the GSD of the scraped regolith by image analysis due to the 
insufficient resolution, it was found relevant to determine it by using the wind as a natural sorter. The principle 
of sorting the poured regolith particles submitted to wind is based on the fact that particles are simultaneously 

Figure 9. (a) Orthorectified image centered on pile #5 after dumping, sol 870. Color lines correspond to height contour 
lines with an interval of 1 cm. (b) Orthorectified image centered on pile #6 after dumping, sol 877. Note that the tether has 
been totally covered between the WTS (white area at the top of image) and the pin (circular blue contour line at the center 
of image) with regolith forming a 4 cm high sandy pile above the Martian ground. (c) Relief of sandy pile between sol 877 
(dump 6) and sol 870 (dump 5). The interval of contour line is 1 cm. (d) Location of sandy deposit at different sols: 1.  
Sol 816 (blue contour line), 2. Sol 851 (blue green), 3. Sol 857 (green), 4. Sol 864 (green yellow), 5. Sol 870 (yellow) and 
6. Sol 877 (red).

Figure 10. (a) Instrument Context Camera (ICC) image taken on sol 877 at 11:22 a.m. before dump 6. (b) ICC image 
acquired on sol 877 at 11:33 a.m., after dump 6. (c) ICC image difference showing the dark plume made up of wind dispersed 
and transported particles. The plume extends to the right from the WTS, and its orientation corresponds to the wind direction 
from N14° (ESE) to N320° (WNW).
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speeds recorded by the TWINS sensors. Note the curved shape of the plume of dump 4, showing the effect of the 
spheric shape of the WTS on the wind flow around it.

3. Grain Size Determination by Numerical Modeling and Simulations
Given that it was not possible to directly constrain the GSD of the scraped regolith by image analysis due to the 
insufficient resolution, it was found relevant to determine it by using the wind as a natural sorter. The principle 
of sorting the poured regolith particles submitted to wind is based on the fact that particles are simultaneously 

Figure 9. (a) Orthorectified image centered on pile #5 after dumping, sol 870. Color lines correspond to height contour 
lines with an interval of 1 cm. (b) Orthorectified image centered on pile #6 after dumping, sol 877. Note that the tether has 
been totally covered between the WTS (white area at the top of image) and the pin (circular blue contour line at the center 
of image) with regolith forming a 4 cm high sandy pile above the Martian ground. (c) Relief of sandy pile between sol 877 
(dump 6) and sol 870 (dump 5). The interval of contour line is 1 cm. (d) Location of sandy deposit at different sols: 1.  
Sol 816 (blue contour line), 2. Sol 851 (blue green), 3. Sol 857 (green), 4. Sol 864 (green yellow), 5. Sol 870 (yellow) and 
6. Sol 877 (red).

Figure 10. (a) Instrument Context Camera (ICC) image taken on sol 877 at 11:22 a.m. before dump 6. (b) ICC image 
acquired on sol 877 at 11:33 a.m., after dump 6. (c) ICC image difference showing the dark plume made up of wind dispersed 
and transported particles. The plume extends to the right from the WTS, and its orientation corresponds to the wind direction 
from N14° (ESE) to N320° (WNW).
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smaller ones (100 µm) touch the ground at a distance between 
4 and 4.5 m. This also shows that grains smaller than 100 µm 
(which indeed are in the range of aeolian loess particles) are 
blown away by the wind. 

 
Figure 11. Simulation output of grain sorting by a 5m/s wind for 5 500 
grains (500 grains for each 11 size mentioned in the legend). The colour 
of each grain depends on its size in the 100–1000 μm range. The x axis 
is in the mean wind direction.  

The determination of the quantity of the particles sorted by 
the wind and deposited at a given distance from the scoop, 
based on the configuration of the plume (see Figure 10c) is 
more challenging. In a first approach, one can consider that the 
deposited particles are black and that the quantity of sorted 
particles at a given distance is proportional to the plume width. 
To improve this estimation, it was decided to decompose the 
plume into 4 grey levels. The areas corresponding to the two 
lower grey levels are considered without grains, that 
corresponding to the third grey level as a thin layer filled at 50% 
of dispersed regolith and the upper (black) zone like a full layer. 

Figure 12 shows the relative ratios of particles sizes 
obtained for dump 6, with particles between 370 - 900 µm at 
0.25 m from the scoop, and between 115 – 122 µm at 2.10 m.  

 

Figure 12. Grain size distribution from dump 6; a) Spatial distribution 
of grain size along the plume direction. Wind speed is 5.3 m/s. The 
colour of boxes is correlated to the grain size viewed in b; b) Volume 
frequency versus grain size.  

The corresponding grain size distribution is given in Figure 
13, together with those from dumps 3 and 4 (the identification 
of the plume of dump 5 was of poorer quality). As mentioned 
before, this GSD only characterises around 60% of the total 
particles, with those smaller than 100 µm blown away by the 
wind. The regolith exhibits a well sorted GSD with a significant 
proportion of particles around 120 – 140 µm, comparable on 
Earth to a fine sand like the Fontainebleau sand (France), that 
has been used as regolith simulant for InSight (Delage et al. 
(2017). Note also the good correspondence with the particles 
observed in Figure 6. 

The Figure show some differences between the curves, that 
may due to local heterogeneities in the surface regolith 

extracted, but also to the uncertainties related to the image 
analysis of the plumes, from which the volumetric fraction were 
derived. The curves however shows that the main grain size is 
between 120 (dump 6) and 150 µm (dump 3), in reasonable 
agreement with preliminary estimation through the 
measurements of thermal inertia at surface (average diameter of 
170 µm, see above). 

 

 
Figure 13. Cumulated grain size distribution curves from dumps 3, 4 
and 6. The curves only characterises the ~60% fraction deposited on 
the ground. Particles smaller than 100 µm have been blown away. 

5 CONCLUSIONS 

Following previous contributions (e.g. Goetz et al. 2010, Weitz 
et al. 2018, Vaughan et al. 2023), this work provides further 
information on the grain size distribution of the Martian regolith 
at the InSight landing site. The operation of burying the tether 
connecting the seismometer of the InSight mission to the lander 
by using the scoop of the Instrument Deployment Arm of the 
lander provided an opportunity to indirectly work with grains 
separated during the pouring stage. 

Since the volume of the piles poured by the different 
dumps did not fit with the mass extracted from the ground 
surface (with a loss estimated at 40%), it was concluded that 
some of the particles did not fall directly on the pile, but were 
blown and sorted by the wind (that was simultaneously 
measured in direction and speed by the lander weather station, 
and most often close to 5 m/s).  

This sorting could be modelled by considering the 
movement of particles under the combined actions of gravity 
and wind drag force. The particle size was hence correlated to 
the distance from the scoop. This was however made under the 
simplistic hypothesis of free individual fall of spherical 
particles, neglecting the interactions between particles and their 
effect on the local air flow. In this regard, it seems that the 
modelled segregation is more severe than what really happens, 
and that the pile formed below the scoop was not only 
consisting in the largest particles (around 900 µm). 

Another challenge was that of determining the volumes of 
the sorted particles deposited at a given distance. This was made 
based on the image analysis of the black plume formed along 
the wind direction. A strong hypothesis based on the grey levels 
measured was made, that can certainly be further elaborated 
through experimental simulations on the Earth. 

Another limitation of the estimation is that we only 
characterised around 60% of the particles, with the 40% smaller 
than 100 µm blown away by the wind. 

In spite of this uncertainties, the estimation provided by 
this approach, applied for three dumps, fitted reasonably well 
with pre-mission thermal inertia measurements.  
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the horizontal distance of the impact relative to the scoop can be reported (Figure 16) with error bars taking into 
account the variability and accuracy of the input parameters. These error bars are useful to determine the optimal 
size classes. Note that grains coarser than 500 μm fall near the pouring zone and are not carried away by the wind.
3.1.2. CFD Simulation for Grains Ballistic Range Estimation
In parallel to the modeling with Simulink, the CFD solver HELYX was used with the aim to consolidate, by using 
a second method, the relation between size and ballistic impact of grains. The HELYX solver encompasses a 
Lagrangian particle tracking approach (Amsden et al., 1989; Gousbet & Berlemont, 1999; Nordin, 2001), which 

Figure 15. Simulation output for dump 6, the impacts of the 5,500 grains (500 grains for each 11 size mentioned in the legend) are represented. The color of each grain 
depends on its size in the 100–1000 μm range. The x axis is in the mean wind direction, and the scoop is the small black line (top left).

Figure 16. Distance from scoop versus grains and settled diameters for dump 6.
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away northwestwards, but unfortunately could not be estimated because of 
the limit of the ICC FOV.

4. Discussion
Significant wind sorting is inferred during the regolith pouring sequence of 
the SEIS tether covering operation, with a significant proportion (around 
40%) of smallest particles blown away by the wind, whereas only 60% of the 
poured regolith was deposited on piles above the tether. Since wind data were 
accurately monitored by the TWINS sensors, the tether covering process 
provided a unique opportunity to further constrain the grain size distribution 
(GSD) of the poured regolith thanks to wind sorting, with smaller particles 
deposited further away from the tether. The length of the plumes of trans-
ported and deposited particles, observed from image analysis, is comprised 
between 1, 5 and 3 m, with wind speeds between 5 and 7 m.s −1.

The two models used provided comparable data. Four GSD curves were 
derived with the MS model from dumps 3 to 6, with smallest particles having 
diameters between 115 μm (dump 6) and 145 μm (dump 3). Both calculations 
showed that, intuitively, smallest particles were deposited further away with 

stronger wind, at distances between 2 and 3 m. Extrapolating the Matlab Simulink data of Figure 20 shows that 
100 μm diameter particles would be deposited at 3 m under 5 m.s −1 and 5 m under 7 m.s −1. These results support 
the hypothesis that fine sand can be driven by low velocity wind on Mars when the grains are already detached 
from the ground and blown off (e.g., Andreotti et al., 2021; Kok, 2010; Sullivan & Kok, 2017).

On Mars, we find such fine sand grains in the aeolian bedforms (dunes, ripples, sand sheets…) like those meas-
ured by the various instruments on board Mars rovers (e.g., Ehlmann et al., 2017; Lapotre & Rampe, 2018; Weitz 
et al., 2018, 2022) showed that they have been mobilized by the wind. These results also show that some of the 
regolith at the InSight landing site is from wind-borne grains trapped in the landing depression. In the vicinity 
of the InSight landing site, no dune fields are observed but only a few isolated bedforms are observed (e.g., 
Golombek, Warner, et al., 2020; Golombek, Williams, et al., 2020; Warner et al., 2022). However, in the InSight 
landing region, wind directions vary throughout the Martian year (Spiga et al., 2018, 2021; Banfield et al., 2019) 
and may carry sand either from northern martian plains or Nepenthes Mensae and Aeolis Planum composed of 
the Medusae Fossae formation, interpreted as fluvio-volcanic fine grained material (e.g., Kerber et al., 2011; 
Lefort et al., 2012; Mandt et al., 2008; Scott & Tanaka, 1986; Zimbelman et Griffin, 2010), characterized by 
pervasive fields of yardangs (wind-scoured hills; Boyd, 2018; Ward, 1979) indicative of easily friable material 
(Kerber et al., 2012) and dunes (e.g., Boyd, 2018; Burr et al., 2012; Hayward et al., 2014).

Other particles finer than 100 microns were probably blown away, but our simulations do not allow us to char-
acterize their size or quantity. Although we cannot prove it, it is highly likely that particles smaller than 100 μm, 
including the dust fraction (5–10 μm), are contained in the regolith, similar to what has been observed in isolated 
aeolian bedforms and interdunes in Gale crater (e.g., Weitz et al., 2018, 2022) or in the regolith at the Phoenix 
landing site, where silt particles (10–60  μm) were observed (e.g., Goetz et  al.,  2010). The dust devil tracks 
observed in the surrounding plains (Lorenz, Lemmon, & Maki, 2021; Lorenz, Martínez, et  al., 2021; Perrin 
et al., 2020) might also confirm the presence of dust in the regolith.

Conversely, calculations also showed that the largest particles deposited close to the tether at a distance of 10 cm 
have diameters comprised between 370 and 900 μm. We cannot either determine the GSD of those coarser grains 
in the piles, about which we only know the global proportion (∼60% of scoop content before dump). Based on our 
theoretical calculations, the regolith in the piles is supposed to be coarser (>900 μm) than that initially scraped 
by the scoop. Note however that the real particle segregation due to wind sorting during dumping might be less 
severe than that calculated due to some simplistic hypothesis of the models, as discussed below. The three GSDs 
derived from wind speeds around 5 m.s −1 (dumps 3, 4 and 6) are comparable, whereas that under 7 m.s −1 (dump 
4) provides a somewhat coarser GSD with a dominant grain population with a diameter around 170 μm, perhaps 
indicating some local heterogeneity of the scrapped regolith. The three other dumps provide finer GSDs showing 
well sorted materials with dominant diameters around 150 μm (dump 3), 138 μm (dump 4) and 119 μm (dump 

Figure 24. The grain size distribution for dump #6. The same legend as 
Figure 20, picture width represents 2.9 m. Wind speed is 5.3 m.s −1.
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away northwestwards, but unfortunately could not be estimated because of 
the limit of the ICC FOV.

4. Discussion
Significant wind sorting is inferred during the regolith pouring sequence of 
the SEIS tether covering operation, with a significant proportion (around 
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accurately monitored by the TWINS sensors, the tether covering process 
provided a unique opportunity to further constrain the grain size distribution 
(GSD) of the poured regolith thanks to wind sorting, with smaller particles 
deposited further away from the tether. The length of the plumes of trans-
ported and deposited particles, observed from image analysis, is comprised 
between 1, 5 and 3 m, with wind speeds between 5 and 7 m.s −1.

The two models used provided comparable data. Four GSD curves were 
derived with the MS model from dumps 3 to 6, with smallest particles having 
diameters between 115 μm (dump 6) and 145 μm (dump 3). Both calculations 
showed that, intuitively, smallest particles were deposited further away with 

stronger wind, at distances between 2 and 3 m. Extrapolating the Matlab Simulink data of Figure 20 shows that 
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Lefort et al., 2012; Mandt et al., 2008; Scott & Tanaka, 1986; Zimbelman et Griffin, 2010), characterized by 
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Other particles finer than 100 microns were probably blown away, but our simulations do not allow us to char-
acterize their size or quantity. Although we cannot prove it, it is highly likely that particles smaller than 100 μm, 
including the dust fraction (5–10 μm), are contained in the regolith, similar to what has been observed in isolated 
aeolian bedforms and interdunes in Gale crater (e.g., Weitz et al., 2018, 2022) or in the regolith at the Phoenix 
landing site, where silt particles (10–60  μm) were observed (e.g., Goetz et  al.,  2010). The dust devil tracks 
observed in the surrounding plains (Lorenz, Lemmon, & Maki, 2021; Lorenz, Martínez, et  al., 2021; Perrin 
et al., 2020) might also confirm the presence of dust in the regolith.

Conversely, calculations also showed that the largest particles deposited close to the tether at a distance of 10 cm 
have diameters comprised between 370 and 900 μm. We cannot either determine the GSD of those coarser grains 
in the piles, about which we only know the global proportion (∼60% of scoop content before dump). Based on our 
theoretical calculations, the regolith in the piles is supposed to be coarser (>900 μm) than that initially scraped 
by the scoop. Note however that the real particle segregation due to wind sorting during dumping might be less 
severe than that calculated due to some simplistic hypothesis of the models, as discussed below. The three GSDs 
derived from wind speeds around 5 m.s −1 (dumps 3, 4 and 6) are comparable, whereas that under 7 m.s −1 (dump 
4) provides a somewhat coarser GSD with a dominant grain population with a diameter around 170 μm, perhaps 
indicating some local heterogeneity of the scrapped regolith. The three other dumps provide finer GSDs showing 
well sorted materials with dominant diameters around 150 μm (dump 3), 138 μm (dump 4) and 119 μm (dump 

Figure 24. The grain size distribution for dump #6. The same legend as 
Figure 20, picture width represents 2.9 m. Wind speed is 5.3 m.s −1.
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