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Introduction:  Understanding how the surface and 

atmosphere interact on Mars is important to the safety 

of future landing missions and to understanding cli-

mate evolution and the potential for past life. Recent 

studies have demonstrated that Martian dunes, which 

record the interaction of the surface and atmosphere, 

are surprisingly active in the current climate regime 

[e.g. 1,2,3,4,5]. Sand flux rates measured by Bridges et 

al. [6] show that flux rates at some places on Mars are 

similar to flux rates on Earth. This is surprising be-

cause both atmospheric modeling and in situ meteoro-

logical measurements on Mars suggest that winds are 

seldom above the saltation threshold [7,8,9,10]. Nu-

merical models and wind-tunnel experiments indicate 

that the wind speed needed to keep grains saltating on 

Mars may be 3 to 10 times less than the wind speed 

required to initiate saltation [11,12]. It has been sug-

gested that this hysteresis effect may explain, at least 

in part, how so much sand is being moved today.  

Research Objectives: Our long-term research ob-

jectives are: 1) to determine whether hysteresis can be 

detected and measured at our analog site, scaled to 

Martian conditions, and compared to Mars modeling 

and wind tunnel results; 2) to determine whether an 

experimental sand collector equipped with a time-lapse 

camera can accurately measure the amount of  moving 

sand; and 3) to determine the most efficient combina-

tion of instruments that, if transported to Mars, could 

quantify sand flux. We began data collection 11/2013, 

and while we do not have sufficient data to answer the 

long-term questions posed above, we can begin to 

quantify aeolian processes at our analog site. Here we 

report our early results, focusing on the relationship of 

observed winds to  saltation and sand flux. 

Grand Falls, AZ as Analog: The Grand Falls (GF) 

dune field is located ~70 km NE of Flagstaff, AZ, 2 

km east of Grand Falls, and just north of the Little 

Colorado River (LCR). The dune field consists of bar-

chans, smaller dunes/ripples, and bare interdunes with 

indurated surfaces, all features that commonly 

comingle on the Martian surface. A brief discussion of 

other characteristics that support GF as a Mars analog 

follows.  

Dune-Field Size and Setting. The size of the dune 

field (~1.5 km by 1 km) and its location within a topo-

graphic trap make it similar to small intracrater dune 

fields on Mars. This setting is analogous to the setting 

of an estimated 900 dune fields on Mars that occur 

within craters and valleys [e.g. 13,14].  

Dune Composition and Relationship to Source: 

Most of the dune sand on Mars is likely of basaltic 

composition [e.g.15]. Basalt sand is also present in 

significant amounts at GF, allowing us to observe its 

behavior under various atmospheric conditions. The 

basalt component may have originated as local ash and 

lapilli-fall from volcanic eruptions in the region. Flash 

floods from local tributaries may have washed addi-

tional ash and lapilli-fall deposits into the LCR, mak-

ing more basalt available to the dune field. The episod-

ic availability of a local source of sand is analogous to 

Mars, where unconsolidated sand may become locally 

and episodically available (e.g., through excavation by 

erosion or impact). 

Equipment: We measure sediment flux using a 

Sensit saltation sensor and a set of three Big Spring 

Number Eight (BSNE) passive sediment samplers, at 

20, 50, and 100 cm (#1, 2 and 3, respectively) above 

ground level (AGL). The samplers are “weighing 

BSNEs” that automatically weigh and log accumulated 

sediment weight. The Sensit and BSNE data, as well as 

wind data collected from a set of three anemometers 

(installed at the same heights as the weighing BSNEs), 

are taken once per second, then averaged and logged at 

one minute intervals. BSNEs are emptied monthly. The 

contents are weighed in the laboratory to calibrate 

weight logs. Equipment is shown in Figure 1.  

Figure 1. Instruments showing location relative to 

upwind barchan and cinder cones.  

The experimental collector (referred to as the 

“Mars BSNE”) passively collects sediment at 50 cm 

AGL and records data as time-lapse photos (Figure 2) 

of the collection chamber taken at 15 minute intervals. 

The Mars BSNE is emptied monthly. The weight of its 

contents is used to convert photo-based volume esti-

mates to weight estimates, which in turn can be com-

pared  to the weight logs from the intermediate (50 cm 

AGL) weighing BSNE.  

Our instruments are located ~120 m downwind 

from an active barchan. This ensures that we have am-
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ple sand supply and, given the average rate of dune 

migration of 30 m/year, ensures that we can collect 

data for multiple years.  

Results:  Figure 2 compares the sand mass collect-

ed in the three weighing BSNEs to the kinetic energy 

(KE) that is recorded by the Sensit when it is struck by 

sand grains. The time period extends from February 21 

to March 21, 2014. The photos inset in Figure 2 show 

the Mars BSNE collection chamber at selected times. 

The second photo documents that the increase in sedi-

ment mass seen in BSNE #1, that begins at ~1.5 x10
4
 

minutes, is partially due to rainfall. The subsequent 

slow loss in mass is due to evaporation. A small but 

measurable diurnal fluctuation in mass, most promi-

nent in BSNE #1, is probably due to nighttime mois-

ture condensation inside the weighing BSNEs followed 

by daytime evaporation.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Sediment mass collected as a function of 

time.  Red, green, and blue lines are the mass col-

lected by BSNEs# 1, 2, and 3 at heights 20, 50, and 

100 cm AGL, respectively.  Black line is the time-

integrated KE from the Sensit, scaled to the total 

mass collected by BSNE #1. Inset photos show sed-

iment and rainfall in collection chamber, viewed 

through transparent calibrated panel. 

 

The sediment flux event at 1.5 x 10
4
 minutes (Figure 2) 

is shown in detail in Figure 3. Within the event, wind 

speed, sediment mass, and KE display two peaks. The 

first peak occurred at ~100 minutes and concluded at 

233 minutes. The second began at 290 minutes and 

continued until ~ 490 minutes. Sand movement began 

when wind speeds reached ~ 7 m/s and increased dra-

matically when wind speed increased from ~ 9 m/s to 

10 m/s. The variable relationship between transported 

sediment mass and KE highlights the ability of this 

instrumentation to observe the complexity of aeolian 

transport in the real world, giving us confidence that 

this experiment will yield insight relevant to Mars. 

Summary/Conclusion: We are collecting one 

reading/minute data for at least one year in an active 

Mars analog dune field. As demonstrated here, we will 

be able to examine the relationships of wind speed, 

saltation initiation, and sediment flux at the high tem-

poral resolution needed to address our broader research 

goals. The experimental Mars BSNE photos show 

promise as a way to visually estimate sediment flux, 

but have proven to also be helpful in understanding the 

environmental conditions.  

Figure 3. Detail of the wind event that is centered 

on 1.5 x 10
4
 minutes on Figure 2. The solid black 

line is the sediment mass contained in BSNE #1 (20 

cm AGL) measured in kg (left y-axis).  The red line 

is the BSNE sediment mass smoothed using a 29-

min box filter. The smoothed mass is then used to 

estimate the change-in-sediment mass per unit time 

(green line - normalized units for the plot).  The 

blue line is the normalized Sensit KE. The black 

dashed line is the measured wind speed (right y-

axis) at 20 cm AGL. 
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