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Key Points:

e Aeolian activity at the InSight landing site is observed using simultaneous imaging and
meteorological, seismological, and magnetic measurements for the first time on Mars

e Infrequent episodes of creep, dust lifting and possible saltation coincide with passage of
convective vortices in the early afternoon

e Excursions in both seismic and magnetic signals correlate with aeolian changes, suggesting
vortex-induced ground movement and charged-particle motion

Abstract

Orbital and surface observations demonstrate that aeolian activity is occurring on Mars. Here we
report the most prominent aeolian changes observed in situ by NASA'’s InSight lander during the first
400 sols of operations. Aeolian changes include granule creep, dust removal with dark trails left by
passing vortices, and possible saltation. InSight has observed such changes by using, for the first
time, simultaneous imaging and continuous, high-frequency meteorological, seismological, and
magnetic measurements. We show this multi-instrument combination constrains both the timing, and
specific atmospheric conditions during which, aeolian changes occur. The observed changes are
infrequent and episodic, consistently occur between noon and 3 pm, and are systematically
associated with the passage of convective vortices. The sudden onset of peak vortex wind speeds
promotes particle motion during sequences of enhanced vortex activity and stronger ambient winds.
Aeolian changes are further correlated with excursions in ground acceleration and magnetic field
strength, suggesting vortex-induced ground deformation and charged-particle motion.

Plain Language Summary

Aeolian activity, the movement of dust and sand by the wind, is common on Earth and has been
observed on other planets, including Mars. A new Mars lander, InSight, has for the first time
monitored aeolian changes at its landing site by combining simultaneous imaging and continuous,
high-frequency meteorological, seismological, and magnetic measurements. These changes include
sand grains moving along the ground and dust being lifted from both artificial and natural surfaces.
InSight was also able to exploit the synergistic effects of its multi-instrument measurements to
determine the timing of these changes. Although they were rare, the aeolian changes almost always
happened in the early afternoon when tornado-like phenomena, called convective vortices, passed by
the lander, sometimes leaving surface trails behind. The combination of the background wind speed
and the rotational wind speed within a vortex was likely to be high enough to detach particles from the
surface and set them into motion. When these convective vortices passed by the lander, the
seismometer measured a change in ground tilt, and the magnetic field strength changed, indicating
charged-particle motion during these dust lift-off events.

1 Introduction

Wind is one of the most important geomorphological agents on present-day Mars (Bridges et al.,
2012). Evidence of aeolian activity includes dunes, ripples, wind streaks, and sediment-filled impact
craters. Dust particles can enter into long-term suspension, influencing weather and climate through
changes in the radiative balance (Gierasch and Goody, 1972; Madeleine et al. 2011). Dust deposition
on solar arrays reduces power output, and wind-blown surface material can damage instruments,
presenting a hazard to future human exploration (Hecht et al., 2017).

The role that wind-driven processes play in the geomorphology of Mars is complex and only
partially understood, in particular the mechanism of aeolian transport and the initiation and
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sustenance of particle motion (Kok et al., 2012). Aeolian change is initiated when a particle detaches
from the surface due to a wind shear above the fluid threshold. Detachment is the prerequisite to any
subsequent motion: suspension, saltation (particles lofting followed by re-impact(s)), reptation (low-
energy hopping particles), and creep (grains continuously coupled to the surface).

Due to the low density of Mars’ atmosphere, the fluid threshold is higher than on Earth (Bagnold
1941; Iversen & White 1982; Newman et al., 2002). The wind shear predicted by atmospheric models
(Lapotre et al., 2016), and measured on the surface, rarely exceeds this higher fluid threshold (Kok et
al., 2012), yet aeolian features and dust suspension are observed (Greeley et al., 2003).

Images from surface cameras have captured evidence of sand transport (Moore et al., 1985,
Sullivan et al., 2008, Baker et al., 2018). Redistribution of surface dust and active dust devils (DD)
have also been observed from the surface and orbit, demonstrating that dust, with a significantly
higher fluid threshold than sand, is also mobilized on Mars (Arvidson et al., 1983, Metzger et al.,
1999, Greeley et al., 2010, Ellehoj et al., 2010). However, although landed spacecraft have observed
motion of surface materials, very few observations had overlapping wind speed measurements
needed to address aeolian transport dynamics (Geissler et al., 2010).

In November 2018, The Interior Exploration using Seismic Investigations, Geodesy and Heat
Transport (InSight) mission landed in a degraded impact crater (Homestead Hollow) in western
Elysium Planitia (Golombek et al., 2020, Warner et al., 2020). InSight is a geophysics mission with a
seismometer, SEIS (Seismic Experiment for Interior Structure, Lognonné et al., 2019), as its primary
instrument. To distinguish between seismic signals and atmospherically-induced noise,

InSight measures multiple environmental parameters continuously using the Auxiliary Payload Sensor
Suite (APSS, Banfield et al. 2019): wind speed and direction, temperature, pressure, and the vector
magnetic field. Two cameras provide regular imaging of the surface, allowing for change detection.
Hence, InSight can monitor aeolian changes with combined imaging and meteorological
measurements (Spiga et al 2018).

2 Data and Methods

Aeolian changes were identified by comparing images returned from InSight’s fixed Instrument
Context Camera (ICC) and robot-arm-mounted Instrument Deployment Camera (IDC), capable of
sampling at a scale of 0.53 mm/pixel at 0.65 m from the surface (Maki et al., 2018). Pairs of images
taken under similar lighting conditions and Local Mean Solar Time (LMST) were selected whenever
possible to avoid false positives caused by shadowing. These were compared by eye and image
differencing (Suppl.6) to identify more subtle changes. When available, a third image, ideally taken by
the IDC, was used to confirm the occurrence of an aeolian change.

SEIS and APSS measurements provided ground acceleration, wind speed and direction,
pressure drop (AP) and vector magnetic fields. The maximum wind speed and AP between the image-
bracketed period were noted. Passing convective vortices were recognised by the synchrony of an
abrupt pressure drop, ground deformation detected by SEIS, increase in wind speed, and shifts in
wind direction, including reversals.

3 Aeolian changes

Several types of aeolian change were observed including: 1) dust removal from spacecraft
components, 2) granule creep and pile collapse on the surface, 3) surface dust-coating removal, 4)
DD track formation, and 5) dark spots. Multi-instrument data, movies and catalogue for each change
can be found in the supplement.
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3.1 Spacecraft components
3.1.1 Removal of dust patch on west lander footpad

During landing the west lander footpad was partially covered with regolith and a patch of fine
sediment on its east side, as observed by the IDC on Sol (S) 10. This patch was episodically removed
between image pairs on S18-S20, S26-S26, and S65-S66.

The evolution of the patch is illustrated in Fig. 1a, with evidence of an ellipsoidal streak
transporting along the footpad between S18-S20 (Fig. 1c, Suppl.Fig.2), likely from a wind peak of 23.6
ms " or the maximum AP=5.8 Pa vortex on S19 (Suppl.Fig.4). The second episodic removal occurred
on S26 between 11:02-15:52 LMST containing the third-strongest wind gust in the 400-sol
investigation, of 28.2 ms™, associated with a AP=4.1 Pa vortex (Suppl.Fig.5). The final change
occurred on S65, after the incidence of a AP=9.2 Pa vortex inducing a wind speed of 20.1 ms™,
described in Section 3.1.4. The remnant of the original dust patch, as well as the displaced ellipsoid
were both removed.

3.1.2 Changes on the ICC lens

Dust particles were deposited onto the ICC lens, transferred from the protective cap opening on
S4 (Fig. 1b). These were gradually removed, with the most significant cleaning observed during the
first 66 sols, as illustrated by image differencing in Fig. 1b. Matched peak wind speeds ranged from
15-28 ms ™" with an average of 21 ms™ and AP’s ranging from 0.8-9.2 Pa. Lens cleaning events are
consistently associated with short-lived wind gusts caused by vortices, at an observed minimum
speed of 15 ms™, clustered at source directions of ~140°and ~285". The lander schematic in Fig. 2e
suggests that dust was most effectively removed when the wind impinged on the lens at a glancing
angle.



Sol 26-26 Sol 65-66

SOL 0 - Cap on

Figure 1. Spacecraft component changes: (a): IDC image of the dusty patch (arrow) on the footpad taken on S10;
evolution of the patch observed by ICC images between afternoon/S18-noon/S20, noon/S26-afternoon/S26, and
noon/S65-morning/S66; IDC image from S106 (b) ICC image on SO with cap on followed by S4 after it was taken off
and dust was deposited onto the lens. Right: Differencing of S65-S4. White pixels indicate the abundant dust particles
removed (c) Differencing of S20-S16 demonstrates an ICC lens cleaning event (white spots across FOV), the first
footpad change (rectangle) and the first likely DD track (along arrows) (d) Clean tether surface on IDC S10, vs dusty on
S257. A, B show close-up views of dark spots. Note colour-similarity to clean surface. Dotted lines align to faint dark
rays. (bottom right) The dark spot emerges with its rays in the overlain S237-S234 ICC differencing result (white
pixels).
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3.1.3 Tether

A crescent-shaped dark spot (0.5cm x 0.25cm) appeared on the tether connecting SEIS to
InSight on S235, detected from ICC images taken between 08:01-15:42LMST. Conical rays extend to
its right, accompanied by smaller dark spots of d<1mm and a horizontal streak (Fig. 1d). The color is
consistent with the tether’s dust-free surface indicating removal of localized dust deposits (Fig. 1d).
The conical rays suggest that saltating particles may have impacted from the southeast, consistent
with the dominant wind direction of 140" during the 8-hour image-bracketed period (Suppl.Fig.8). Data
indicate a modest maximum wind speed of 17 ms ' and AP=1.7 Pa within the image-bracketed period

(Suppl.Fig.8).
3.14 Lander deck and solar arrays

Aeolian changes on the lander were detected with IDC images on S65 between 13:25-
14:24L MST, six minutes after the largest pressure drop recorded on Mars of 9.2 Pa occurred
(Banfield et al., 2020) with an associated peak wind speed of 20.1ms *— the only candidate within the
image-bracketed period (Fig.2f-k, Suppl.Fig.6). Two notable changes were observed as illustrated in
Fig. 2: particle motion on the Wind and Thermal Shield (WTS) and removal of a streak of dust in the
lee of one of the ribs of the solar panels, associated with a 1% step increase in the solar array current
(Lorenz et al., 2020). These changes likely happened simultaneously with the dust removal from the
footpad (Fig. 1a). Flaky, mm-sized dust aggregates on the WTS disappeared, disaggregated or
moved parallel to the streak on the arrays, in the ambient wind direction of 330°+15".
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176 Figure 2. Observations from the largest pressure drop recorded on Mars (a) IDCs acquired on S65, 13:25 and (b)
177 14:24 LMST, 6 minutes after the vortex encounter. The green arrow shows an elongated dark streak from the dust
178 cleaning event on the east solar panel. A particle emerges disaggregated in the measured wind direction (square).
179 Stars mark at least four particles moving in the measured wind direction; triangle marks one example of
180 disappearance; diamond marks multiple-grain motion on the deck (c) Differenced images of the selected areas in
181 (b) pointing to particle motion and dust cleaning on the panel. (d) ICC lens dust cleaning in white pixels (e)
182 Schematic of the lander indicating areas where changes were observed from the encounter (f-g) Wind speed and
183 direction, (h) Pressure shows the vortex aligned to 180° wind-direction change, (i) Step-increase of solar array
184 currents (j) magnetic field, indicating a link to the vortex passing, (k) Spectrogram of ZNE acceleration magnitude of
185 the Short-Period seismometer
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3.2 Surface changes
3.21 Near lander

Images from S362-S364 and S385-S385 show episodes of surface creep by particles of
diameters up to d=2 mm and d=3 mm, respectively (Fig. 3a). In addition, motion of unresolvable sub-
millimetre particles is observed, with dust aggregates appearing. IDC image differencing of S364-
S362 (Suppl.Fig.9) and S385 (Fig. 3a), shows widespread subtle changes across the FOV with
numerous dark spots on pebbles in the latter, indicative of dust-coating removal. A pile of regolith,
originally created by the Heat Flow Probe’s (HP3) tether motion during hammering, collapsed on S385
and moved parallel to the direction of particle creep. ‘Splash’ marks are seen in the dust on the HP3'’s
footpad, revealing the original surface and oriented to the particle creep and wind direction,
suggesting saltation occurred (Fig.3b,d). Lack of striation paths on the ground could indicate larger
grains reptated (Fig.3c,e).

Further changes throughout the FOV are observed from S385-S386 ICC differencing, including
cleaning of the field joint and dust-coating removal from rocks (Fig. 1b). A wide dust devil track,
aligned to the ambient wind direction (~130°, SE-NW), can be seen south of the lander. ICC map-
projection suggests a width of at least 5 m, with the edge approaching within 1 m of SEIS
(Suppl.Fig.12). S364 estimates show the maximum wind speed observed so far at InSight at 31.6
ms ', with a AP=3.5 Pa (Suppl.Fig.9). A 30.5 ms™ wind speed and AP=6 Pa were recorded on S385
between the image-bracketed period 12:00-16:00 LMST (Fig. 3g-1, Suppl.Fig.10).

3.2.2 Dust devil track formation

Dust devils (DD) are convective vortices with visible dust content (Murphy et al., 2016; Fenton et
al., 2016), but ‘dustless vortices’ also occur (Lorenz et al., 2016). In either case, they occasionally
leave tracks where surface dust has been removed (Reiss et al., 2016). InSight has detected an
unprecedented level of vortex activity (Banfield, Spiga et al., 2020). Many new DD tracks were
observed forming near InSight (Perrin et al., 2020) with High Resolution Imaging Science Experiment
(HIRISE, McEwen et al., 2007) orbital images (0.25 m/pixel). This implies that sufficient dust removal
has occurred to form tracks, yet no dust devils have been imaged by InSight’s cameras (Banfield,
Spiga et al., 2020), which could suggest raised dust was scarce to be visible.

Numerous newly-formed DD tracks, identified in differenced lander images, are listed in Fig. 4c,
with prominent ones shown in Fig. 4b. These DD tracks are consistently oriented in the ambient wind
direction and cluster in the mid-spring season, in agreement with orbital observations (Perrin et al.,
2020). ICC Differencing of S18-S20 reveals the first DD track observed by InSight, likely forming on
S19 from a AP=5.9 Pa; the same prime candidate for the footpad changes discussed in Section 3.1.1
(Fig. 1a,c).

A HIRISE image acquisition on S411 showed new tracks around the lander (Fig. 4a). The
closest one (yellow arrows) is situated SW of the lander, oriented N130+2°E, with a closest approach
to SEIS of ~5m. The track is at least 5m wide and formed between S384-S411. The track’s azimuth
and distance from the lander are consistent with the lander-imaged DD track that formed on S385
(Fig. 3f). Although the image-differenced bright zone around the lander indicates dust deposition
occurred in the disturbed landing site over the period of S384-S411, ICC differencing for the same
period still reveals the track (Suppl.Fig.12b). This indicates little dust deposition over this period, in
agreement with the estimated erasure period of > 90 sols in the Elysium region (Reiss & Lorenz,
2016). The track is also less clearly defined near the lander: this can be explained by lack of surface
dust deposits removed from the surface by the retrorockets during landing (Golombek et al., 2020).
Deficiency in surface dust coatings at the site could thus account for the absence of imaged DDs by
InSight’s cameras.
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234  right). Other tracks observed from the ground could not be identified in HIRISE orbital images; most
235  likely due to their small diameter and/or limited albedo contrast with the background.

236 Figure 3 Near-lander surface changes from S385: (a) Overlain IDC differencing (white pixels) for S385-S383. Circles
237 represent the most robust motion identified, with origin (white) and end (green) locations. Mini mass-wasting is observed
238 beneath the tether. Particle A: d=2.55 mm, moved a distance Ax=21 mm, B: d=2.45 mm, Ax=17 mm and C: d=3 mm,
239 Ax=4 mm. (b & d) ‘Splash marks’ on HP3 footpad and particle C (c & e) Particle A motion and removal of dust coating
240 (dark arrow) (f) Overlain S386-384 ICC differencing (g) Wind speed (h) Demeaned magnetic fields (i) Wind direction (j)
241 Pressure (k) Ground acceleration band-passed 0.01<f<1 Hz, shifted +/- for E/N (1) SAC data

242 3.2.3 Localized dark areas

243 Occasionally, dark spots appear in the ICC’s FOV, sometimes associated with passing vortices
244 (Suppl.18). S385 shows such numerous dark, size-variable spots confirmed by the IDC, suggesting
245  excess local dust deposits could be mobilized.

—o—



246
247

248
249
250
251
252
253
254
255
256
257
258

259
260
261
262
263
264
265
266

267

268
269
270
271
272
273
274
275
276
277
278
279

280

281
282
283
284
285
286
287
288
289
290
201

4 Discussion
4.3 Seismic and atmospheric synthesis

Wind and pressure measurements combined with DD track observations and ground tilt from
SEIS can help constrain which convective vortex induced an observed aeolian change, a capability
unique to InSight. The wind can be modelled by the superposition of a vortical flow on the ambient
background wind: if the vortex passes directly over the lander, the wind speed has a double peak,
while if offset from the lander, a wind peak or drop will be seen depending on whether the vortex adds
or subtracts to the ambient wind measured (Ryan and Lucich, 1983, Lorenz, 2016). The S385 event
shows no evidence of a double peak and the wind speed is enhanced from 12 ms ™" to 30.5 ms™". This
implies a counterclockwise rotating vortex, consistent with a trajectory in the N130° ambient wind
direction along the observed DD track and lower-bound estimations of the maximum wind in the
system (Suppl.13). Assuming cyclostrophic balance, this implies a vortex diameter of <10 m passing
less than one diameter from the lander.

Fitting the observed ground tilt and pressure drop to that predicted by regolith elasticity models
(Lorenz et al., 2015; Murdoch et al., 2020) allows an independent determination of the DD trajectory
(Fig. 1, Suppl.Fig.11). The fit validates the selection of the S385 vortex as the source with a N130°
modelled trajectory matching the DD track observed both from orbit (Fig.4a) and differenced ICC
map-projection (Suppl.Fig.12), as well as the observed dominant particle motion (Fig. 3a). This fit
implies a vortex diameter of at least 4 m passing 5 m from the lander, consistent with the above
atmospheric modelling (Suppl.13) and the map-projected differenced ICC image indicating a 4-5 m
wide track at a miss-distance of 5 m from its centre (Suppl.Fig.12).

4.4 Magnetic sighatures

For all near-lander observations with episodes of dust entrainment during a vortex’s passage,
there are associated excursions of <0.5 nT in the vector magnetic field, B, indicating a magnetic
response to the vortex passing (S19-Suppl.Fig.4, S26-Suppl.Fig.5, S65-Fig.2j, S385-Fig.3h, S364-
Suppl.Fig.9). This is consistent with Johnson et al. (2020) who identified small magnetic field changes
(<1 nT) for 20 % of 54 identified pressure drop events in InSight data.

Assuming these are not caused by a drop in the solar array current (SAC) due to dust lifting (Fig.
2i, 3I), wind induced panel motion or other sources, they may provide a probe of the electric charge
present on mobilized dust grains. This could be produced by, for example, triboelectric charging
(Eden et al., 1973, Jackson et al., 2006, Farrell, 2004, Kurgansky et al., 2007). For S385, multiple
peaks are observed within a predominant northerly excursion, while for S65, the maximum excursion
in B occurs simultaneously with the peak wind speed, 180 wind-reversal, step change in SAC, APax,
and maximum ground acceleration.

4.5 Fluid threshold investigation

Our observations suggest that surface material is mobilised infrequently in short-lived episodes,
likely due to the superposition of high tangential wind speeds at the eyewall of strong passing vortices
and generally higher ambient wind speeds (~10 ms™,S19-Suppl.Fig.4,526-Suppl.Fig.5,5364-
Suppl.Fig.9,5385-Fig.3h). Fig. 4c shows a compilation of all changes and associated atmospheric
conditions, temporally correlated with vortex activity, measured as the daily number of pressure
excursions above 0.3 Pa, a proxy for atmospheric daytime turbulence.

Each event-associated peak wind speed, u,, can be converted into the wind shear u*, by
assuming a logarithmic wind profile, u*= ku,/In(z/zy) (Prandtl & Tietjens 1934), where k is the von
Karman constant (0.40), z the height at which u,is measured (1.2 m, Banfield et al., 2020), and zyis
the aerodynamic surface roughness length (1-5 mm, Baker et al., 2020). The measured u* can be
compared to the fluid threshold u~, predicted by the model of Shao & Lu (2000). The area under each
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curve in Fig. 4d denotes the complete set of solutions for the maximum and minimum u, values
observed to have induced surface particle detachment, for a range of zoand grain diameters d.

Displacement of dust from the west lander footpad (Fig. 1a), was observed only for vortex-
induced u,>20.3 ms™. For u,=20.3 ms*, u*=1.2 ms™*, and no mobilization of particles is predicted for
Zo=1-5 mm. However, observations show that mobilization of particles did occur: dust particles, likely
d<62.5 um, were removed from the footpad. Other exceedances of this wind speed, not always
associated with a pressure drop AP, i.e. possibly corresponding to mere turbulent gusts, did not result
in dust removal, suggesting that wind speed may not be a sufficient condition for dust removal.
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Figure 4 (a-left) HIRISE image acquired on S411, centered above InSight (dark area represents the retrorocket

scour during landing), with the ICC FOV indicated. (a-right) Difference between HIRISE images
(ESP_063240_1845 RED-ESP_062884_1845) presenting new dust-devil tracks (streaks highlighted by arrows)
formed between S384-S411, and a bright area, indicating dust deposition. Yellow arrows indicate likely the S385
track from Section 3.2.1, also shown in Fig 3f,4b (b) Differencing of afternoon images of S203-S198, S386-384,
S261-S253 and S232-S228 reveal DD tracks (b). Compilation of all changes, incorporating atmospheric
conditions of the candidate vortices favored to have induced motion. Aeolian changes correlate to the daily
number of pressure drops >0.3Pa, shown by squares (d) Set of solutions below the curves based on Shao & Lu
(2000) model for the maximum and minimum uy observed so far inducing particle motion
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Creep and possible saltation were only observed on the two occasions when the wind speed
exceeded 30 ms™* (S364 and S385). Surprisingly, more aeolian changes were observed on S385
(u=30.5ms™) than on S364’s (u=31.5 ms™). A larger AP was observed on S385 compared to S364,
suggestive of a closer encounter, or a more energetic vortex, inducing higher tangential velocities and
vorticity above the threshold for reliable wind speed retrieval (Suppl.Fig.13). This sets a lower bound
on the S385 peak uy that is likely to be equal to or greater than the S364 peak uy of 31.5 ms™*, for
which u*=1.8 ms™" for z,=1 mm, conditions which particles between 65 and 430 pm would be
expected to saltate. Further observations supporting saltation of particles include ‘splash’ marks from
dust removal on the west HP3 footpad, lack of striation paths on the surface and disappearance of
multiple, unresolvable sub-mm grains (Fig. 1b-e).

However, observations also show motion of mm-sized sand grains, above the expected saltation
threshold, and dust-coating removal from rocks, with particle sizes below the threshold. The sand
grains may have rolled rather than saltated, thus consistent with drag-induced rolling (Suppl.Fig.17,
Merrison et al. 2007,Baker et al., 2020,). The dust coatings are likely airfall particles with d<20 um
(Johnson et al, 2002), below the predicted minimum mobilized particle size. The observed dust
removal could be explained by larger z,: to mobilize dust-sized particles with d<62.5 um and a
minimum wind speed of 20.3 ms™, as observed on the lander footpad, zo>2 c¢m is required. To lift 3
pm dust-particle coatings at u,=31.5 ms™", as observed on rocks on S385, a z,>8 cm is required.

Estimates of z, are correlated with rock abundance, the percentage of the surface covered by
rocks (Hebrard et al., 2012). Local rock abundance in the sand-rich Homestead Hollow is low (1.5%,
Golombek et al., 2020), consistent with a z, of a few millimetres. Incorporating deployed instruments
as roughness elements raises the local equivalent rock abundance to over 10% (Suppl.19), higher
than the Viking lander 2 site (Golombek et al., 2012) with zg=1 cm (Sutton et al., 1978). A rockier area
to the west, and beyond the hollow’s boundary, suggests a rock abundance of >5% (Charalambous et
al., 2019). Such considerations are consistent with the location of DD tracks, with 9 of 10 observed in
these rougher terrains, where higher surface-to-atmosphere exchange of mass and energy would
promote dust removal. Our results suggest that zy at InSight could be spatially highly heterogeneous,
similar to terrestrial arid areas (Marticorena et al., 2006).

Alternatively, if zyis indeed in the 1-5 mm range, this discrepancy in dust removal could be
explained either by wind speed measurement limitations at high vorticity likely setting only a lower
bound to the wind speed, or by the failure to include other detachment mechanisms not incorporated
in Shao & Lu’s (2000) model. These mechanisms include dust removal assisted by saltation clusters
(Sullivan & Kok 2017); thermophoresis (Wurm et al., 2008); ‘sandblasting’ by bigger particles (Greeley
2002); electrification of particles (Neakrase et al., 2016); and the ‘delta-P’ (suction) effect (Balme &
Greeley 2006, Baker et al., 2020).

5 Conclusion

The paucity of evidence for grain transport by free-stream winds, coupled with the bright
appearance of dust-mantled bedforms and most hollows in the vicinity of Homestead hollow, suggests
a largely stable surface around the InSight lander, with local, limited particle motion predominantly
related to the passage of atmospheric vortices. Such an interpretation is consistent with sparse
organized bedforms (Golombek et al., 2018), the lack of wind tails or ripples at the site, and the
presence of a weakly cemented or duricrust layer near the top of the hollow fill that implies long term
stability of the surface and sequestering of most infilling sediments (Golombek et al., 2020; Grant et
al., 2020; Warner et al., 2020). Reduced energy production rates seen by the solar arrays (Lorenz et
al., 2020) and HIiRISE orbital image differencing (Fig.4a) provide further evidence that dust deposition
may be the predominant aeolian process at InSight over the 400-sol investigation.

Given that all aeolian change events are systematically associated with large APs, convective
vortices appear to be the primary mechanism for dust entrainment, sporadic surface creep of grains
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d<3 mm, and likely saltation. The sudden wind peaks in wind speed induced by these passing
vortices are for the first time resolved by InSight’s high-frequency wind measurements, opening a
unique avenue into the better understanding of vortices as an important driver of surface motion on
Mars. Finally, episodic aeolian changes are correlated with excursions in both seismic and magnetic
signals as might be expected from vortex-induced ground movement and charged-particle motion,
respectively. Ongoing analysis should provide a further insight into atmospheric coupling with the
regolith, and induced aeolian transport and its dynamics on Mars.
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