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Imperial College AEOLIAN CHANGES AT THE INSIGHT LANDING SITE:

London

Introduction f =" -1 4 Lander deck and solar 6. Surface creep, dust removal and saltation
£
Here, we present the most prominent aeolian in-situ changes by the lander during its first 400 sols of % B arrays Images from S362-S364 and S385 show episodes of surface creep by particles of diameters up to 2 mm and 3 mm,
operations. Particle creep, dust removal and possibly saltation are for the first time complemented by @ 10} | respectively. IDC image differencing for S383-S385 (Fig a), suggests widespread subtle changes across the FOV with
simultaneous observations of high-cadence meteorological, seismological, and magnetic £ ° Aeolian changes on the lander were numerous dark spots on pebbles, indicative of dust-coating removal. A pile of regolith collapsed parallel to the direction
measurements on Mars. The observed changes exhibit seasonality and show a systematic ’ detected between IDC images taken of particle creep. ‘Splash’ marks are seen in the dust coating of the HP3’s footpad, revealing the original surface and
association with the passage of convective vortices, inducing sudden peak winds that promote surface 9 ool Ol 555 at 13:25 and 14:24 LMST, oriented in approximately the same direction as nearby particle creep and wind direction, suggesting saltation occurred
motion during sequences of enhanced vortex activity. These episodic aeolian changes, which *§ ; six minutes after the occurrence of (Fig. b, d). Lack of striation paths on the ground could indicate that larger grains reptated (Fig c,e).
consistently occur between noon to 3 pm local time, are correlated with excursions in both seismic 2 the deepest pressure drop recorded
and magnetic signals suggesting vortex-induced ground movement and charged-particle motion. £ wouv=1 on Mars at AP = 9.2Pa, associated |CC differencing shows cleaning of the field joint and dust coating removals from protruding rocks (Fig. f). The widest
h with a wind speed of 20.1 ms™. Two DD track observed so far aligns to the dominant wind direction (~130°, SE-NW). Map projection suggests a width of at
Method - 0"”‘“\\[—"'\* notable changes were observed: least 4 m, with the edge approaching within 1 m of SEIS. The ground acceleration validates the selection of this vortex,
_ | . N | _ | s Ll | particle motion on the Wind and suggesting a direction of travel from SE-NW, or the inverse. Estimates show a peak wind speed at 30.5 ms™! and AP =
Pa[rs of images taken under similar Ilghtlng cqndltlons were cpmpared b_y eye and.lmage differencing, g Thermal Shield (WTS) and removal 6 Pa was recorded on S385. Surface creep for S364 shows a maximum of 31.6 ms™, with a AP = 3.5 Pa.
which allows more subtle changes to be identified. When available, a third image, ideally taken by the s of a streak of dust in the lee of one |
IDC, was used to confirm that an aeolian change had occurred. Once an aeolian change was =T of the ribs of the solar panels, . L  "S0OL 385
identified, SEIS and APSS measurements were retrieved. i < ° cos illustrated in Fig.b,c. These changes i o Origin
§ likely happened simultaneously with ‘ 5 st o
Aeolian Ch anges 5 the dust removal from the footpad
: (Fig. 1a).
1. Removal of dust patch on west lander footpad j 65— , ,
Based on the shape, dark color and
A patch of fine sediment patch was episodically removed on three sols (S): between image pairs of ' ] texture, and frofn at least one o
S18-S20, S26, and S65-S66 (Fig. 1a). There is evidence of transportation along the footpad in the disaggregation example, these P!_’tg;éo"ag‘c)m |
first event, likely from the AP= 5.8 Pa vortex on S19 and 23.8 ms wind speed u,, exhibiting an 3 particles are likely dust aggregates ™EF .8 e
excursion in the magnetic signature and carving the first DD track observed at InSight by image émw I (Greeley, 2002). Supporting this
differencing. The second removal occurred on S26 with u, = 28.2 ms™, and a AP = 4.1 Pa vortex. The c286_0_012 | hypothesis, a particle, marked in
final change occurred on S65, after a AP = 9.2 Pa inducing a u, = 20.1 ms™. square in Fig.b, appears
disaggregated in the measured wind
s direction. Stars show at least four of
k im0 1480 1454 the particles that moved In the

measured wind direction. The
triangle shows one example of
disappearance, with the yellow
diamond indicating motion of
multiple grains on the deck.
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h ,, 5. Dust devil tracks
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Numerous DD tracks were identified in differenced lander images implying dust entrainment. The DD
2. Changes on the ICC lens: tracks are consistently oriented in a consistent dominant wind direction, exhibit seasonality and
cluster in the mid-spring season, in agreement with HIRISE observations (Perrin et al., 2020).
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Significant ICC dust cleaning was observed during the first 66 sols. Matched peak speeds ranged

from 15-28 mst with AP ranging from 0.8-9.2 Pa, clustered at peak wind source directions of ~140¢ Overall, our observations suggest that surface material is mobilised infrequently and for short

or ~285¢. This suggests dust was effectively removed when the wind impinged at a glancing angle. durations, likely due to high tangential velocities from passing vortices, enhanced by increased
ambient wind speeds. Below is a compilation of all changes, correlated to increased vortex activity,
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i S measured as the daily number of - a proxy of atmospheric activity over the 400-sol investigation.

Solar Array Current (A)

SOL 232-228

Magnetic Sighatures

For all near-lander observations discussed so far, with
evident episodes of dust entrainment during a vortex’s
passage, there are associated excursions in B, indicating
a response to the vortex passing. Assuming these are not
caused by solar array current changes and/or panel
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3. Tether . . A B! 5 A N
motion, or other sources, they may prOVIde a prObe of the 09:00 09:02 09:04 09:06 13:16 1320 13:24 18:48  18:49  18:50

A crescent-shaped dark spot (0.5 cm x 0.25 AN 2 sk . electric charge present on dust grains mobilised by the Pec 16,2018 oee s 2 pec 06, 2018

cm) appeared on the SEIS tether on S235. HETEEE THUSSEE o YR PNy | 00000 TTTeee—ol___ o eemm T vortex. Such a charge could be produced by, for example, o2 Ln

Conical rays were seen extending to its W‘T‘te’ | 1 SFI’""Q | [ l Summer 8 triboelectric charging (Eden et al., 1973). °-; ,.:g}-

right. IDC from S257 also shows two 30| R w70 _ L - A O

smaller dark spots of d <1 mm and a fine, A . N Conclusion o | 02f T

horizontal streak. The color is consistent to E *Q"‘__ s, 3 0900 0902 03:04 05:06 a16 1920 1324 TR

the tether’'s dust-free surface, while the f: 200~ 4 QG\ R & =210 5 = Convective vortices appear to be the primary channel for oot Pec23,2018 stk

shape and rays suggest an easterly > | ZW; 2 dust entrainment at the InSight landing site, as well as "

trajectory, likely impacting and removing g 10 > E drivers for sporadic motion such as surface creep of |

localized dust deposits. HIRISE image = 4 < grains d<3 mm, and likely saltation. All episodic aeolian < 0 ,

comparison between S218-S293 suggests 0 | | | | | | | 0 , changes are correlated with excursions in both seismic , 05} : ol SRS

a ~10 m wide DD track created 50 m to the 0 >0 100 150 Missij:(JSol N 250 300 350 400 and magnetic Signals as mlght be eXpeCted from vortex- -« og:oo 09:(;2 09:04 09:06 13;16 13I:20 13:24 18:48 18:49 18:50

Induced ground movement and charged-particle motion, Dec 16, 2018 Dec 23,2018 Pecosi20(8
respectively.

eastas a pOtentlaI sourcing event. /\ Deck (O Footpad o ICCLens < DDtrack Y/ Surface [ | Daily Number AP > 0.3 Pa —> Wind Direction




