Threshold for sand mobility on Mars calibrated from seasonal variations of sand flux
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Abstract Data processing Coupling with atmospheric measurements
Coupling between surface winds and saltation 1s a funda-
mental factor governing geological activity and climate on C— ‘ The seasonal variation of sand flux provides us with the opportunity to use the sand flux measurements
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surface and for the emission of finer (dust) particles into the at- ’ Lo 2 |
mosphere. Theory and experiments suggest that winds should ? 0 =
only rarely move sand on Mars. While wind-induced dust s 7, 7= 0.001 N/m? Ts= 0.005 N/m’
emission has been observed to dominate large dust storm g x5 6l
onset, evidence for currently active dune migration has only e >y - £
recently accumulated. Crucially, the frequency of sand-moving | oty ,, £
events and the implied threshold wind stresses for saltation - S|
have remained unknown. Here, we present detailed measure- 2 ’ — ——
ments over Nili Patera dune field based on HiRISE images e x? i > =05 — - | — =
demonstrating that sand motion occurs daily throughout much B
of the year and that the resulting sand flux 1s strongly seasonal. 21 F VEEF T RS
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Sho Lilh Amplitude of the sand ripple displacements in the Nili Patera dune field derived from correlating eight HIRISE pairs of images £ T § 400y
K e acquired over a Mars year. All images were pre-processed using ISIS (USGS) to stich back the CCD stripes to provide recon- \E/ — 4
gy structed, distortion-free, full images. The images were then processed into COSI-Corr, 1.€., 1) sub-pixel coregistration of ortho- s 1 _ 300
P . e rectified images on a 25 cm ground grid, 2) precise correlation of the ortho-images to extract the sand ripple migration that oc- s B £
£ » > cured between the acquisition time. Residual of HiRISE CCD misalignment and MRO jitter can be observed. S v, 200
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Nili Patera dune field is located next to Idisis Planitia crater which creates diurnal ' 'solstice | 'summer
winds in Nili Patera area from solar input. . | :solst|ce q o< p u*? (u*2 - ut™) Lettau and Lettau, 1978
. | | q o< p(u*-u >‘<)1'2 Werner, 1990
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| | q o put®(u*” - ut®) Duran et al., 2011
: : q oc p (u*” - ut*z/u*) (o + v ut*/u* + B ut*2 / u*z) Sorensen, 2004
15 | : : with p: air density, u*: shear velocity, ut®: shear threshold velocity, stress threshold ts = p (ut”‘)2
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: : Comparison of measured (gray histograms) and predicted (red/green/blue/yellow) sand flux computed for dif-
R : : ferent shear stress threshold (ts). Shear stress thresholds from 0.0 N/m” to 0.024 N/m’ with a step of 0.001
;//? / P OREBR SIS IS ST é : : N/m’ were Fested. Only five of these.test are r'epresented here. The predicted sand ﬂux 1s computed based on
I P e S RAT NS N = | | the winds simulated from atmospheric circulation model (GCM - MarsWRF) and using the four transport laws
?/?/ E | | (see above).The bottom right profile displays the Chi square of the linear regression between the predicted and
L5 s e ; é 1L : : measured sand fluxes (with the intercept forced to zero). The best linear correlation Minimum 1s obtained for
e o - a shear stress of 0.010-0.011 N/m”.
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Z ? S : : i o B L Comparison of the predicted flux from the
TR RGR S ¢ o — GCM ' | MarsWRF GCM (100 km cell grid)
05 | ! ! Cosi - (green) and a mesoscale simulation (1.5
| | v | - km cell grid) (red). The mesoscale was run
_‘ | | o | VIESOSCAIC o for short periods of 8-10 days every 30 de-
QR e ¥ - S— D grees (Ls). The average flux computed
VUL TN S ;’ 2 \ * v ‘h : # } : - C % o from the mesoscale simulation over the
R S . T - time span of the image pairs is displayed in
HlRISE image of a dune in Nili Patera. The .1ns.et shows the sand .1’1pp1.es Whose R D red dots. Although we cannot correlate the
cl.lsplacemen.t are measured. The vector field indicates the ripple migration direc- g |=——209Farthdays 72 56 60 /1716 28 242 | E i | image measurements with the mesoscale
tion (from displacement measurement). 99 Ls(°) 207 251 287 322 | 340355 105 E simulation as we did with the GCM
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ImgID Ls Date Adays ImgID Ls Date Adays B Mars year ~ (temporal sampling limitation of the meso
18039 988 06/02/10 - 23353 3316 07/21/11 17 o - S - N —— - - 05 | | scale), we observe that GCM and meso-
' ' The sand flux is derived from measuring ripples migration from the correlation of HIRISE 1mages using COSI-Corr. We estimate scale do agree on first order. This suggests
20729 206.9 12/28/10 209 23564 3404 08/06/11 16 a mean sand flux for each period separating the dates of acquisition of two successive images (acquisition date 1s given in Ls along that GCM capture most of the flow caus-
21652 251.8 03/10/11 72 23920 354.8 09/03/11 28 the x-axis). The sustained sand flux throughout the year, and the significant values obtained over periods of only 10 days, suggest ing sediment transport, and that the shear
;;?Z; gggi 8;; SZ 1 1 gg 27032 105.0 05/02/12 242 that sand-moving winds probably occur daily. The flux 1s about three times larger in northern winter than in northern summer. 0 200 E e s e e 2 | | threshold should not vary much at scale
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