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Introduction:  Understanding how the surface and 

atmosphere interact on Mars is important to the safety 
of future landed missions, as well as being important 
to the understanding climate evolution and the poten-
tial for past life. Before the repeat coverage of High 
Resolution Imaging Science Experiment (HiRISE) 
images, the general scientific consensus was that most, 
if not all, of the dunes on Mars were immobile.  How-
ever, recent studies have demonstrated that Martian 
dunes are changing dramatically in the current climate 
regime [e.g.,1-6]. Bridges et al. [7] documented dune 
activity in 23 of 57 repeat HiRISE dune targets, con-
cluding that sand is mobile in virtually all parts of the 
north polar erg and in many non-polar areas. Sand flux 
rates measured by Bridges et al. [8] show that flux 
rates at some places on Mars are similar to flux rates 
on Earth and that dune fields may have formed in as 
little as 10,000 years. However, both atmospheric 
modeling and in situ meteorological measurements on 
Mars suggest that winds are seldom above the saltation 
threshold [9-13]. Numerical models and wind tunnel 
experiments indicate that wind speed needed to keep 
grains saltating on Mars may be 3 to 10 times less than 
the wind speed required to initiate saltation [14-15]. 
The goal of the Grand Falls (GF) project was to meas-
ure sediment flux at a Mars analog site and to field test 
whether hysteresis, the continuation of sand transport 
by lower velocity winds once saltation has been initi-
ated, can be responsible for the flux rate observed by 
Bridges et al. [8].  

 
Figure 1: Grand Falls Field Site. 

 
Analog Site: The Grand Falls dune field (~1.6 km 

x 1 km) is located ~70 km NE of Flagstaff, AZ, and 
just north of the Little Colorado River (LCR). The 
dunes at GF are in a relative topographic minimum, 
migrating toward local topographic maxima that will 
impede their progress. This setting is analogous to the 
setting of an estimated 1000 dune fields on Mars that 
occur within craters and valleys [16-17]. A more de-
tailed description of the analog site can be found in 
Bogle et al. [18] 

Most of the dune sand on Mars is likely of basaltic 
composition [e.g.,19]. Basalt sand is also present in 
significant amounts at GF, allowing us to observe its 
behavior under various atmospheric conditions. Bi-
modal grain size is another sand characteristic com-
mon to both GF and Mars [e.g., 20].  

 
Figure 2: Sediment flux and wind data collected for one 
10 hour wind event. The solid black line is the data from 
the lowest sediment catcher. The red line is the smooth fit 
to the sediment catcher data. The green line is the gradi-
ent of the red line and the blue is the smoothed number of 
particle impacts from the solid-state saltation sensorS4. 

Instrumentation: We installed the following 
equipment (Figure 1) at GF: one custom-designed sed-
iment sampler, three weighing BSNE (Big Spring 
Number Eight sediment samplers that passively sample 
near surface airborne particles and record the weight of 
the sample at one minute intervals), three anemome-
ters, one directional anemometer, one solid-state salta-
tion sensor (S4), one CR-1000 data logger, two solar 
panels, and a battery power supply. The equipment has 
been actively collecting data since November 2013.  

 
Figure 3: Sediment weight and integrated S4 observa-
tions. The red, green, and blue lines are the data from the 
sediment catchers. The black line is the calibrated data 
from the S4. 

Sediment Flux Calculations: Sediment flux is 
usually expressed either in units of mass per unit area 
per unit time (horizontal mass flux (HMF), equation 1) 
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or as mass per length per unit time (horizontal mass 
transport (HMT), equation 2) [21]: 

 
where m is the sediment mass, A is the areal cross-
section of the BSNE opening, t is the integration time, 
and ε is the BSNE efficiency which is usually 0.4 [22]. 

If the HMF (𝑞̇) is measured at multiple heights (z), 
then an exponential function can be determined where 
𝜎 is the HMF at one scale height (𝑧0). 

 
Equation 1 is the sediment flux through a unit area 

at a specified height – which is what an individual 
BSNE measures. Equation 2 is the sediment flux that 
passes through a horizontal unit length, vertically inte-
grated from ground level to the top of the atmosphere 
– thus providing an estimate of the total amount of 
sediment transported by the atmosphere. 

Sediment Flux Results from Bulk Samples: Sev-
eral large wind events have occurred, providing the 
opportunity to compare wind events.  The scale 
heights of the sediment flux vary little from wind event 
to wind event, typically ranging between 17 cm and 22 
cm.  Sediment flux (HMT) appears to be independent 
of the sediment flux scale height and can vary from 2.6 
to 6.7 kg/m/s. 
Table 1: Sediment Flux Rates for Selected Wind Events. 

 
Shear Stress Threshold Calculations: By collect-

ing wind speed data at more than one height AGL, we 
can calculate the shear stress velocity (U*), by fitting 
the observations to equation 3. 
[3] U = U*/k ln(z) –U*/k ln(z0),  
where k=0.4, z is height, and z0 is the aerodynamic 
roughness scale, to find the roughness factor [23].  
Once the shear velocity (U*) and surface roughness 
(z0) has been determined, wind speed at any height can 
be interpolated using this same equation.  By compar-
ing U* to the sediment counts from the S4, we can  
determine U*

initial and U*
continuous. 

Hysteresis Calculations:  Hysteresis analysis can-
not be conducted using the sediment catchers.  While 
the sediment catchers provide a measure of the sedi-
ment weight each minute, the uncertainty within those 
measurements due to vibrations, is larger than any 
increase in sediment mass over a period of a few 
minutes.  Therefore, the only instrument with suffi-
cient signal-to-noise on sediment flux is the S4. Shear 

stress above 0.6 m/s clearly initiates saltation; however 
a lower threshold may be possible.  

 
Figure 4: Shear velocity and S4 kinetic energy vs. time.  
The black lines are the calculated U* over a period of 2 
weeks.  The red asterisks are the normalized S4 kinetic 
energy over the same time period.  Shear stress above 0.6 
m/s clearly initiates saltation; however, a lower threshold 
may be possible.  There are periods when the shear stress 
should be sufficient to initiate saltation but does not, sug-
gesting that the sediment source may be limited, possibly 
by environmental factors. 
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