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Introduction:  Understanding how the surface and 

atmosphere interact on Mars today is important to the 
safety of landing missions and to understanding cli-
mate evolution and the potential for past life on Mars. 
Martian dunes record the interaction of the surface and 
atmosphere. Recent studies have demonstrated that 
dunes 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 surpris-
ing because both atmospheric modeling and in situ 
meteorological measurements on Mars suggest that 
winds are seldom above the saltation threshold 
[7,8,9,10]. Direct evidence of how sediment moves on 
Mars is needed, thus instrumentation capable of ob-
serving and measuring sediment flux should be part of 
future missions to Mars. Adapting time-proven terres-
trial methods of sediment flux measurement for the 
challenges presented by Mars is a needed step. 

Research Objective: As part of our study of flux 
rates at a Mars analog site, we installed an experi-
mental sediment collector (referred to as the “Mars 
BSNE”). It is equipped with a time-lapse camera so 
that we can compare a visual record of sediment accu-
mulation to results from traditional sediment collec-
tors. Why use visual documentation? In addition to 
measuring sediment flux, visual documentation can 
potentially be used to determine the size and other 
physical characteristics of the mobile grains. We will 
discuss and evaluate the suitability of the Mars BSNE 
for measuring sediment flux on Mars. 

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 commonly found on the 
Martian surface. A brief discussion of other character-
istics that support GF as a Mars analog follows.  

Dune Field Size and Setting. The size of the dune 
field (~1.5 x 1 km) and its location within a topograph-
ic trap, combine to make the GF dune field similar to  
~900 dune fields that occur within craters and valleys 
on Mars [e.g. 11,12].  

Dune Composition and Relationship to Source: 
Most of the dune sand on Mars is likely of basaltic 
composition [e.g.,13]. Basalt sand is present in signifi-
cant amounts at GF, originating as ash and lapilli-fall 
from local volcanic eruptions. Flash floods may have 

washed additional ash and lapilli deposits into the 
LCR, making more basalt available to the dune field. 
The episodic 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. We began data collection in November 
2013. Equipment is shown in Figure 1.  

Figure 1. Instruments showing location relative to 
upwind barchan and cinder cones.  

The Mars BSNE (details shown in Figure 2), de-
signed and built by the maker of the weighing BSNEs, 
passively collects sediment at ~50 cm AGL and rec-
ords data as time-lapse photos of the collection cham-
ber taken at 15 minute intervals. The Mars BSNE is 
emptied monthly. Its contents are weighed and com-
pared to photo-based weight estimates to evaluate the 
accuracy of this method.  

Our instruments were originally positioned ~120 m 
downwind from an active barchan that migrates ~30 
m/year. This ensures ample sand supply and multiple 
years of data collection. 

Results:  We are interested in two aspects of visual 
documentation: 1) accuracy of Mars BSNE vol-
ume/weight estimates, and 2) potential for analysis of 
grain size and other grain characteristics (e.g. spherici-
ty, porosity, and composition). It is beyond the budget 
and scope of our study at GF to purchase a high-
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resolution camera and have grain-size analyses per-
formed. Literature research [14] and tests with a low-
cost camera suggest that if instrument design could 
allow for sufficient light inside the collection chamber, 
images could be used to measure physical characteris-
tics of grains as they accumulate. 
 

Figure 2. Mars BSNE detail showing camera, 
transparent calibrated panel, top view of collection 
chamber, and their locations within instrument. 
 
Figure 3 shows plot of the calibrated mass of sediment 
collecting in weighing BSNE #2 and images of the 
Mars BSNE transparent calibrated panel as it appeared 
at selected times during the wind event. 

 
 

Figure 3. Calibrated mass of sediment in weigh-
ing BSNE #2 plotted for ten-hour wind event that 
began February 27, 2014. Black line represents un-
smoothed data logged at one minute intervals. Red 
line represents smoothed data. Below graph, Mars 
BSNE images visually document accumulation. 

The estimated mass of sediment collected in the 
Mars BSNE during the wind event is less than ex-
pected, based on the mass of the sediment collected in 
BSNE #2. It is possible that the Mars BSNE responds 
more slowly to wind direction changes, thus it may not 
collect sediment efficiently if wind direction shifts 
during the wind event. 

Summary/Conclusion: Accurately estimating the 
volume and mass of sediment collected using Mars 
BSNE images is an ongoing challenge. The challenge 
is to some degree offset by having an independent vis-
ual record of sediment as it collects; the record is a 
valuable aid that helps determine the cause of anoma-
lous weighing BSNE results. Design improvements to 
the Mars BSNE that would enhance its performance 
include modifying the collection chamber shape so that 
small amounts of sediment could be estimated more 
accurately. A high-resolution camera is needed as are 
more transparent parts in the instrument for better day-
time images and a flash to allow night images. The 
instrument should have multiple collection heights 
because we are not certain of saltation height on Mars. 
Multiple layers would also allow calculation of sedi-
ment flux profile. Should Mars BSNE go to Mars? A 
weighing BSNE would measure the amount of sedi-
ment collected with greater accuracy, but an improved 
Mars BSNE would enable us to monitor the size, com-
position, and other characteristics of grains as they 
accumulate.  
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