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Introduction:  The Rocknest sand shadow was the 

site of the first scooping activities by the MSL rover 

Curiosity in October/November 2012. The purposes of 

this study are to (1) describe the morphology of the 

bedform within the context of sand-shadow formation, 

and (2) determine the wind regime that gave rise to the 

sand shadow and that is required to remobilize it.  

Description: The Rocknest sand shadow (termi-

nology of 1) is a sharp-crested, nearly symmetrical, 

~15 cm high, N-S-trending aeolian accumulation that 

extends ~5 m southward from a ~7 m wide cluster of 

dark cobbles (Fig. 1). Although wind ripples with a 

migration direction to the south occur on the western 

flank of the sand shadow near its northern terminus, 

the surface of the sand shadow is predominately char-

acterized by subrounded, coarse (~ 1 mm) sand grains, 

which are coated by rims of dust (Fig. 2). The coarse 

surface grains contrast with the interior of the sand 

shadow, in which a substantial proportion of the grains 

are finer than 0.150 mm. Formation of millimeter-scale 

surface fissures, and breakage of the coarse-grained 

veneer into cohesive rafts by the scooping operations 

show that the upper surface forms a weakly indurated 

“crust” with a thickness of one or two grains (1-2 mm). 

Fractures formed within sediment pushed forward dur-

ing scooping, well defined cleat marks from the rover 

wheels, and high-angle scoop-trench walls show cohe-

siveness to the sediment with probable high dust con-

tent.    

 

 

 
 

Formation: Sand shadows form in the lower-

velocity wake of an obstacle in the path of the wind [1-

3], and are most prominent in sand-starved areas where 

deposition occurs only locally in the lee of obstacles 

[4]. Field observations and wind-tunnel experiments 

show that the surface flow is deflected around the ob-

stacle to give rise to a pair of counter-rotating vortices 

in the streamwise direction such that sand is obliquely 

swept toward the centerline where the vortices con-

verge and define the crest of the sand shadow [3, 5]. In 

experiments with obstacles of similar heights, sand 

shadow height increased as a function of obstacle 

width and as limited by the angle of repose [3]. For a 

given obstacle width, shadow dune length decreased as 

wind speed increased because of greater wind speeds 

within the wake [3]. Where obstacle height differs, 

sand shadow height is limited by obstacle height, and 

sand shadow length may be limited by sediment avail-

ability [2].  

Formative Wind Regime and Stabilization: Be-

cause sand shadows form in the lee of obstacles, they 

are indicators of their formative wind regime. The 

southward extension of the Rocknest sand shadow 

indicates a formative wind from the north. Dust rim-

ming of the surface coarse grains and weak induration 

of the surface indicate a probable significant period of 

time since the sand shadow was active.  

On Earth, sand-shadow stability is typically deter-

mined by the consistency of wind direction, wind 

speed, and obstacle size. For the Rocknest sand shad-

ow, the indurated, coarse-grained crust provides an 

overriding stabilization feature that is rarely reported 
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for shadow dunes on Earth [6], but that appears to be 

common for aeolian bedforms on Mars, especially for 

dusty coarse-grained ripples [7-9]. Coarse grains ar-

moring the surface of aeolian bedforms on Mars could 

develop by: (1) winnowing of in situ sediment to form 

a residual lag, (2) lifting of coarse grains to the surface 

by pedogenic processes [e.g., 10], or (3) selective dep-

osition of coarse grains at the terminal growth phase of 

the sand shadow. Given the paucity of coarse grains 

within the interior, especially the absence of coarse-

grained laminae, winnowing to form a lag is unlikely. 

Pedogenic processes, especially those related to 

freeze/thaw, cannot be excluded as speculation, but 

physical processes of selective deposition of coarse 

grains can best explain the surface armoring. Rare, 

high-energy wind events that mobilize coarse grains as 

creep are likely to also deplete supplies of finer saltat-

ing grains, and leave armored bedforms then subject to 

dust deposition and induration [9]. Alternatively, 

where a sand shadow reaches its ultimate size as de-

fined by the aerodynamic parameters of its parent ob-

stacle, only deposition of coarse grains may be possi-

ble whereas the finer saltating population bypasses the 

bedform.      

Regardless of the origin of the coarse surface crust, 

neglecting the effects of induration, winds sufficient to 

reactivate the Rocknest sand shadow can be estimated. 

The critical shear velocity to initiate motion,    , after 

[11] using data from [12] is  
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where        ⁄  and    is the density of the grains 

using basalt (3000     ⁄ ) and    is the density of 

Martian air (0.02     ⁄ ),   is the acceleration due to  

 gravity (3.72    ⁄ ), and   is grain diameter of the 

armoring coarse sand (0.001 m). The calculated     is 

2.6   ⁄ , which represents the fluid shear velocity to 

initiate motion. Because grains in creep derive a por-

tion of their momentum from collisions by saltating 

grains, on Earth once saltation begins creep can occur 

down to 0.7       or 1.9   ⁄  as applied to the Rock-

nest sand shadow. These shear velocities can be related 

to wind speeds near the surface using the law-of-the-

wall 
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where    is the wind speed at height z above the sur-

face (taken here as 1 m),   is von Karman’s constant 

(0.407), and    is the roughness height where zero ve-

locity occurs. Although    is not known in detail, fol-

lowing [1]    = k/30 where k is ripple amplitude taken 

as 10 mm. Wind speeds to remobilize the surface 

coarse grains at 1 m are 51.2   ⁄  (114.5 mph) and 

37.4   ⁄  (83.7 mph) without and with saltation, re-

spectively. Because of  the lower gravity and lesser 

atmospheric density on Mars, a greater hysteresis ex-

ists than on Earth between the fluid shear velocity to 

initiate motion and the shear velocity needed to main-

tain transport once saltation has begun [13, 14]. In ad-

dition, the impact of saltating grains upon grains in 

creep is more energetic than on Earth [15]. For these 

reasons, remobilization of the coarse grains armoring 

the Rocknest sand shadow by the impact of saltating 

grains can occur at a lower shear velocity than calcu-

lated above. Nevertheless, wind speeds at or approach-

ing hurricane-force likely represent the formative 

winds of the sand shadow, and are required for remobi-

lization. Given the apparent rarity of these wind speeds 

on Mars, the Rocknest sand shadow is thought to rep-

resent a relict feature from a past major wind event at 

Gale crater. 

References: [1] Bagnold R. A. (1941) The Physics 

of Blown Sand and Desert Dunes. [2] Allen J. R. L. 

(1982) Sedimentary Structures: Their Character and 

Physical Basis II. [3] Hesp P. A. (1981) JSP, 51, 101-

112. [4] Gunatilka A. and Mwango S. B. (1989) Sed. 

Geol., 61, 125-134. [5] Greeley R. (1986) Aeolian Ge-

omorphology, 195-211. [6] Hooper D. et al. (2012) 

Earth Surf. Proc. Land., 37, 1090-1105. [7] Sullivan R. 

et al. (2005) Nature, 436, 58-61. [8] Herkenhoff K. E. 

et al. (2008) The Martian surface: Composition, Min-

eralogy and Physical Properties, 451-467. [9] Sullivan 

R. et al. (2008) JGR, 113, E06S07, 

doi:10.1029/2008JE003101. [10] McFadden L. D. et 

al. (1987) Geology, 15, 504-508. [11] Shao Y. and Lu 

(2000) JGR, 105, 22,437-22,443. [12] Iverson J. D. 

and White B. R. (1982) Sediment., 29, 111-119. [13] 

Claudin P. and Andreotti B. (2006) Earth Planet. Sci. 

Let., 252, 30-44. [14] Kok J. F. (2010) Physical Rev. 

Let., 104, doi:10.1103/PRL104.074502. [15] Almeida 

M. P. et al. (2008) Proceed. Nat. acad. Sci., 105, 6222-

6226. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

 

1375.pdf44th Lunar and Planetary Science Conference (2013)


