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Introduction:  Wind-driven sand transport is in-

herently intermittent because of the nature of atmos-
phere-surface energy exchange [1-7]. Boundary layer 
instability and surface irregularity spawn turbulent 
flow near the surface. Turbulent flow generates episod-
ic high-energy gusts, followed by low energy lulls, and 
is identified by significant departures from the mean 
flow. However, transport models often assume steady-
state flow conditions, using time-averaged wind speeds 
that ignore unsteadiness from turbulent flow [2-4]. 
Because of this, transport models differ from observed 
rates in field environments [8-9]. Earth-based field 
observations using the most commonly cited transport 
models [10-14] show discrepancies between predicted 
and observed transport rates on the order of 300% 
within each model, and up to 700% between Bagnold 
[10], Lettau and Lettau [14], and Kawamura [11]. The 
largest deviations from Earth-based models occur at 
lower transport rates and are attributed to errors in the 
threshold of motion [15]. 

Studies of aeolian transport within a simulated 
Martian environment have relied on the same transport 
models as have been used for most Earth-based stud-
ies. Greeley et al., [16-18], along with others [19-21], 
initially determined the threshold of movement for 
sand on Mars. They defined the threshold by “increas-
ing the wind speed through the tunnel until saltation 
[along the entire wind tunnel] test bed was initiated 
(following Bagnold [22]). The free stream wind speed 
was noted and correlated with a standard velocity pro-
file for the wind tunnel” (Greeley et al., [17], p. 418; 
Greeley et al, [23], p. 12). Four fundamental questions 
emerged from their definition of threshold. First, these 
studies did not focus on the intermittent nature of 
transport before full saltation begins, leaving open the 
question of how much transport on Mars occurs prior 
to full saltation. Transport rarely reaches a state of ful-
ly developed, continuous saltation. We now recognize 
an intermittency function, γp, introduced by Stout and 
Zobeck [3], that describes the portion of time sand 
transport occurs, and have found saltation rarely occurs 
more than 50% of the time in any 5-minute period. 
Lancaster et al. [7] found continuous saltation only to 
occur 11%-31% of the time during a storm event.  

Second, the threshold of motion in those studies, 
was only evaluated for saltation, and not focused on 
the movement of bedload before saltation begins. Bed-
load consists of particles that roll, slide or move in 

small hops over the surface driven either by the direct 
force of the wind on the grains or as a result of bom-
bardment from saltating particles [10. 24-26]. Little is 
known of bedload transport on Mars. Bedload is ar-
gued to contribute between 3 and 29% of the total load 
on Earth [1, 27-28]. This wide range of estimates exists 
because bedload had never been directly separated 
from saltation on Earth, until recently [29]. The fluid 
threshold on Mars is defined by the moment at which 
full saltation occurs over the wind tunnel, a point 
where bedload particles are already in motion, evi-
denced in wind tunnel experiments [16, 30-32]. 
Threshold predictions for Mars exclude this precurso-
ry, intermittent movement before a saltation cloud 
moves over an entire test bed.   

As is widely recognized for threshold-of-motion 
studies for Earth and Mars, a single wind speed value 
cannot adequately describe all scenarios when 
transport begins. An assumption of a single value dis-
regards other controlling factors: modes of movement, 
different grain size distributions, armoring effects, 
electrostatics, particle-to-particle contact, compaction, 
mineral composition of sediments and the exposure of 
different grains to surface winds. The combination of 
these factors on a surface makes the threshold of mo-
tion occur over a range of values. Intermittent 
transport, in addition to these factors, produces error in 
single-value threshold estimates [2-3, 6-7, 33]. Our 
research generates a range of threshold values related 
to the intermittency of transport.  

The fourth question in Martian threshold predic-
tions is the use of visually-noted free stream velocities, 
subsequently correlated with typical velocity profiles 
to resolve the threshold shear velocity. Turbulent shear 
stress initiates movement with characteristic lag times 
of the order of 0.5-1s [5, 34-36]. Velocity profiles are 
altered by the presence of a saltation cloud, producing 
potential order-of-magnitude errors in estimates of 
roughness lengths [37-38]. Typical profiles used to 
calculate shear velocity from free stream velocity must 
incorporate the variability generated from various lev-
els of saltation transport, including potential changes in 
the value of the von Karman constant [39].  

The presented research uses the MARSWIT to 
simulate transport conditions on Mars.  A new bedload 
trap is used to individually separate surface creep, rep-
tation and saltation.  The initiation of each mode of 
movement is correlated to instantaneous velocity pro-
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files to derive modal threshold shear velocities.  Inter-
mittency is calculated to resolve flux distributions prior 
to ‘continuous saltation’.  

Our study aims to quantify intermittent aeolian 
bedload transport under Martian atmospheric pressures 
using the Planetary Aeolian Facility MARSWIT. Much 
of the previous work done in MARSWIT focused on 
quantifying the threshold and sediment fluxes associat-
ed with the saltation mode of transport, whereas our 
research uniquely focuses on the fluxes associated with 
intermittent transport, primarily bedload that occurs 
prior to initiation of full saltation. The tasks accom-
plished in this proposal will improve our understanding 
of the atmosphere-surface interactions and rates of 
aeolian resurfacing on Mars by quantifying sediment 
fluxes associated with high frequency low-intensity 
wind events under Martian atmospheric conditions. 

References: [1] Anderson, R.S. et al. (1991) “A 
review of recent progress in our understanding of aeo-
lian transport.” Aeolian Grain Transport I: Mechanics, 
Wien: Springer-Verlag 1-19. [2] Butterfield, G. R. 
(1991) “Grain transport rates in steady and unsteady 
turbulent airflows.” Aeolian Grain Transport I: Me-
chanics, Wien: Springer-Verlag 97-122. [3] Stout, J. E. 
and Zobeck, T. M. (1997) J. Arid. Environ., 44(5): 
959-970. [4] Bauer, B. O. et al. (1998) J. Arid. Envi-
ron., 39(3), 345-375. [5] Sterk, G. et al. (1998) Earth 
Surf. Processes Landforms 23(10): 877-887. [6]  
Schönfeldt, H. J. (2004) Meteorol. Z. 13(5): 437-444. 
[7] Lancaster, N. et al. (2010) JGR 1115(F3): F03027. 
[8] Sherman, D. J. et al. (1998) Geomorphology, 22(2): 
113-133. [9] Sherman, D. J. et al. (2013) Earth Surf. 
Processes Landforms, 38: 169-178. [10] Bagnold, R. 
A. (1937b) Geographical J., 89(5): 409-438. [11] Ka-
wamura, R. (1951) Translated (1965) as U. California 
Hydraul. Eng. Lab. Rep. HEL 2-8, Berkeley. [12] 
Zingg, A. W. (1953) Iowa Inst. Hyrdaul. Res. Fifth 
Hydraul. Conf. Proc., 111–136. [13] Kadib, A. A. 
(1965) U. California Hydraul. Eng. Lab. Rep. HEL 2-
8, Berkeley. [14] Lettau, K. and Lettau, H. (1977) U. 
of Wisconsin-Madison IES Rep. 101, 110-147. [15] 
Ellis, J. T. and Sherman, D. J. (2013). Treatise in Aeo-
lian Geomorphology, San Diego, 85-108.  [16] Gree-
ley, R. et al. (1974) Proc. Royal Soc. London A 341: 
331-360. [17] Greeley, R. et al. (1976) Geophys. Res. 
Lett. 3(8): 417-420. [18] Greeley, R. et al. (1980) Ge-
ophys. Res. Lett. 7(2): 121-124. [19] Iversen, J. D. et 
al. (1976) ICARUS 29: 318-393. [20] Pollack, J. B. et 
al. (1976) ICARUS 29: 395-417. [21] White, B. R. et 
al. (1976) JGR 81(32): 5643-5650. [22] Bagnold, R. A. 
(1941) The Physics of Wind Blown Sand and Desert 
Dunes, Methuen: London, 265. [23] Greeley, R. et al. 
(1977) NASA Tech. Memorandum 78423. [24] Bag-
nold, R. A. (1937a) Proc. Royal Soc. London A 163: 

250-264. [25] Leatherman, S. P. (1978) Sedimentology 
25: 303-306. [26] Anderson, R. S. (1987) Sedimentol-
ogy 34: 943-956. [27] Tsoar, H. (1994) Prog. Phys. 
Geog. 18: 91-96. [28] Wang, Z.-T. and Zheng, X.-J. 
(2004) Powder Technol. 139(2): 123-128. [29] Swann, 
C. M. and Sherman, D. J. (2013) Aeolian Res. 11: 61-
66. [30] Bagnold, R. A. (1936) Proc. Royal Soc. Lon-
don A 157: 594-620. [31] Nickling, W. G. (1988) Sed-
imentology 35(3): 499-511. [32] Butterfield, G. R. 
(1998) J. Arid. Environ., 39(3): 377-394. [33] Stout, J. 
E. (1998) J. Arid. Environ., 39(3): 395-401. [34] Jack-
son, D. W. T. and McCloskey, J. (1997) Geophys. Res. 
Lett. 24(2): 163-166. [35] Baas, A. C. W. and Sher-
man, D. J. (2005) J. Geophy. Res. 110: F03011, 15pp. 
[36] Chapman, C. A. et al. (2012) Geomorphology 
151-152: 1-12. [37] Bauer, B. O. et al. (1992) Prof. 
Geographer 44(4): 453-464. [38] Farrell, E. J. and 
Sherman, D. J. (2006) J. Coastal Res., SI 39: 384-389. 
[39] Li, B. et al. (2010) Geophys. Res. Lett. 37: 
L15404. 

 

8056.pdfFourth International Planetary Dunes Workshop (2015)


