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Introduction:  Multiple planetary bodies have dune 

fields [1-8], some of which are known to be active [e.g. 

9]. Dunes may form where there are both sufficiently 

strong winds and a source of sediment of appropriate 

size and density to saltate [e.g. 4,10]. The amount of 

sediment that is saltated is the sediment flux (SF). 

Dunes increase in mass and volume when the net SF into 

the dune is positive and decrease when the net SF out of 

the dune is positive [e.g. 11 and references within]. A 

migrating dune also represents SF but may not be 

changing in mass if the net SF in and out of the dune is 

zero. However, sediment flux has only been directly 

measured on Earth.  

SF is usually measured by using sediment catchers 

(SCs). SCs are high maintenance, requiring frequent 

emptying of the sediment collection trays. Because of 

the need to empty the trays, SCs are unreliable for 

extended studies in remote and/or extreme 

environments (e.g. the Antarctic or Mars). 

 
Figure 1: Grand Falls Dune Field Mars Analog Site. An active 

barchan dune can be seen in the upper right of this image. 

Near the center of the image is a custom-built frame 

containing five Sensit™ saltation sensors. To left of the 

SFINX, are the traditional instruments – anemometers and 

SCs. 

Equipment: We investigated the use of 

commercially available off-the-shelf piezo-electric (PE) 

devices to measure sediment flux. This type of device is 

often used to monitor saltation near the ground and so 

the aeolian community is already familiar with this type 

of instrumentation. We used six Sensit ™ Saltation 

Sensors (SS) at a range of heights (a few cm to ~1 m) 

(see Fig. 1) to monitor both particle impacts and the 

kinetic energy (KE) of those impacts.   

In addition to the SS array (or SFINX), we used 

three SCs to facilitate calibration. The SCs used were 

Big Spring Number Eight (BSNE) with a PE load cell 

added to provide real-time mass of the sediment in the 

tray. 

The sediments in the BSNE trays were weighed and 

sorted to provide calibration coefficients for the BSNE 

voltage outputs and to provide grain-size context for the 

SFINX particle counts (PC) and KE measurements. 

Analog Site: A local dune field [12] with a large 

component of basaltic sediment was selected for testing 

of the SFINX. This active dune field is located near 

Grand Falls (Little Colorado River) on the Navajo 

Nation in Northeast Arizona. Due to the dune field’s 

proximity to Grand Falls, it has the informal name of 

Grand Falls Dune Field (GFDF).  

Event: A saltation event occurred within a day of 

deploying the SFINX to GFDF. Based on particle 

counts, the saltation event began on 30 March 2017 at 

~15:47 and ended at ~18:09. However, most of the 

saltation occurred prior to 17:17 suggesting a ~1.5 hour 

later afternoon event. 

Results: An initial comparison of three saltation 

sensors (at the same heights as the BSNEs) cumulative 

PC to BSNE sediment mass collected provided 

calibration coefficients of ~50, 65, 38 mg/particle, as a 

function of height (19, 50, 101 cm respectively). (Fig. 

2).  

 
Figure 2: Comparison of the SFINX to the SCs. The black lines 

correspond to the three sediment catchers. The colored lines 

correspond to the saltation senders at the same corresponding 

heights as the sediment catchers. The heights for red, green, 

blue were 19 cm, 50 cm, 101 cm, respectively. 

When combined with the ground SS, the SFINX 

measures particle counts at six differing heights which 

provides a higher vertical resolution than the standard 

three BSNEs. We see variations in the horizontal mass 

flux (HMF) as a function of height that deviates from 

the usually assumed exponential decay (see Fig. 3). The 

two regions that appear to have excess SF when 

compared to the standard exponential decay curve is ~ 

40 cm and below ~20 cm. This suggests that vertical 

layers of enhanced SF exist and could affect horizonal 

mass transport (HMT) estimates. The layer at ~ 40 cm 
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could be due to the “launch” angles of saltating grains 

not being uniform. The layer below ~20 cm is likely a 

“saltation cloud.” The authors of this abstract have 

observed this effect when on site during saltation events. 

 
Figure 3: Height vs Particle Count. The black line is the 

particle count profile from the SFINX, while the green line 

represents the exponential fit to the SSs at the same heights at 

the BSNEs. It is noteworthy that there is deviation of the 

observed data from the usually assumed profile. 

 
Figure 4: SFINX Kinetic Energy (KE) vs height. The KE shows 

a local maximum at ~40 cm, which also corresponds to 

enhanced PC. There is a global peak in KE for the saltation 

cloud (< 20 cm). 

 
Figure 5: KE per particle vs. height. There is a local peak in 

the KE per particle at the height of ~50-70 cm. The global 

peak occurs below 20 cm, which is the saltation cloud. 

SCs do not measure the kinetic energy (KE) of the 

saltating grains, but the SFINX does. The KE had two 

peaks as a function of height (Fig. 4), one at ~40 cm and 

another below ~20 cm. When the KE is divided by the 

PC (Fig. 5), the peak at ~40 cm shifts to ~60 cm and 

broadens in height. The saltation cloud remains a 

distinct feature. 

Discussions: The use of six SSs at a variety of 

heights provided new insights into the distribution of 

HMF as a function of height. The possibility of a 

saltation layer adds to the uncertainty of SF estimates 

from using only three BSNEs, especially if the lowest 

BSNE is located above the saltation cloud. 

Enhanced sediment flux also occurred ~40 cm with 

the enhanced KE per PC occurring at ~60 cm. This 

effect is likely due to non-uniformity of the launch 

angles of saltating particles.  Monte Carlo modeling 

may be needed to fully understand this effect. 

Conclusions: The use of a vertical array of piezo-

electric sensors for monitoring sediment flux events in 

remote locations or extreme environments show 

promise. However, without the luxury of co-located 

sediment catchers, calibration of a SFINX-like 

instrument could be problematic and will need further 

study. 

The results shown here are only for a single saltation 

event. Analysis of additional events are needed to 

validate any conclusions made here. 
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