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Introduction: Extensive spatial data sets which 

characterize desert surfaces are herein made available 

for collaborative investigations into arid region surfi-

cial processes, dust devil behavior, and Mars analogs.  

This work continues a long-term research program into 

the fundamental near-surface processes of dust devil 

vortices, as well as the aeolian erosion susceptibility of 

diverse natural surfaces conducive to dust devil genera-

tion.  Such detailed research provides important insight 

to Martian conditions that otherwise fall below the reso-

lution of spacecraft investigations to date.  Furthermore, 

because every analog has its limits, the field program 

clarifies bounds in the application of terrestrial lessons to 

Martian processes.  Finally, the accessibility of the Las 

Vegas area is one of many logistical advantages to this 

site. 

Objectives: Field objectives were to (1) characterize 

the desert surfaces over which dust devils do or do not 

develop, (2) characterize dust devil dimensions, espe-

cially the height to which material is lofted, as well as the 

frequency of their activity, and (3) determine the flux of 

particulate material raised by dust devils.  

These terrestrial investigations were conducted in 

Eldorado Valley, a closed playa basin in southern Ne-

vada covering more than 800 km2 that is flanked by 

ridges of predominantly basaltic and some gneissic 

lithologies.  The dry playa itself covers 13 km2.  Over 

840 dust devils were logged for their dimensions and 

location during the summer months of June – August, 

1995 and 1996.  Using Landsat TM and air photo im-

ages as well as onsite experience, sixteen sites were 

chosen across the valley in areas that did and did not 

undergo dust devil activity.  Each of these sites was 

subjected to an array of experiments to characterize 

their aeolian erosion susceptibility.  Investigations into 

the actual particulate flux of dust devils in the test valley 

were conducted in the summers of 1996, 2000, and 2002 

using instruments that directly sampled vortex wind 

fields and airborne material concentrations.  Concurrent 

work conducted in the Peruvian Andes has provided 

parallel reinforcement.

Results of the Nevada study are organized by geomor-

phic feature within the valley.  Only one distinct alluvial fan 

is found in Eldorado Valley, directly north of the playa on 

the east-facing flank of a spur of the McCullough Mountains.  

Most of the closed basin’s drainage merges into an expansive 

alluvial plain that encircles the playa.  The proximal alluvial 

plain (“Proximal AP”) is defined as the pediment area (also 

“bajada”) closest to the range front where clasts are larger 

and the wash channels are more pronounced.  The medial 

alluvial plain (“Medial AP”) lies intermittent between the 

proximal and distal areas, and has smaller clasts and less 

obvious channels.  The distal alluvial plain (“Distal AP”) is 

adjacent to the playa, consists primarily of sand and silt, and 

has few discernible wash channels.  The playa includes both 

the hard, barren flats of the dry lakebed as well as the spotty 

vegetation cover around its perimeter. 

Geologic Surface Characterization: Each of the 16 re-

search sites (for a total of 25 separate surfaces) was subjected 

to 12 experiments intended to evaluate their potential as a 

source for dust entrainment and their ability to resist such 

erosion.

Erosion threshold & behavior: The Desert Re-

search Institute Quaternary Sciences Center wind tun-

nel, developed by the author, was used to determine 

wind speeds necessary to erode soil from specific sur-

faces.  It is used on in situ natural field surfaces to de-

termine particle entrainment threshold velocities and, 

with supplemental instrumentation, the erosion “life-

time” of those surfaces.  

Surface strength: Surface strength is described in 

terms of its resistance to rupture by penetration and 

torque shear. 

Microtopography: Whereas large scale surface re-

lief is identified by the regional geomorphic settings 

(e.g. valley-bounding mountain ranges, alluvial plains, 

playa), the fine scale surface relief (“microtopography”) 

is quantified by direct measurement at each of the 16 

research sites.  A pin-profiler boom consisting of vertical 

metal rods spaced at 10 cm intervals was oriented in the 

upwind direction relative to the profiling meteorology 

mast.  The 4 cm resolution of the profile is sufficient to 

identify clasts larger than 1 cm diameter in addition to 

small undulations of the general surface.  

Rock size and abundance: Rock abundances for each 

area are presented as the percentage of the total surface cov-

ered by rocks.  This study defines rocks as any non-biotic, 

non-erodable roughness element greater than 3 cm in diame-

ter, a size too large for wind transport.  

Pavement development: Rock abundances, mean large 

clast dimensions, and the number of clast-to-clast contacts (a 

measure of the extent of desert pavement development) all 

generally diminish downslope toward the playa. 

Vegetation density: Creosote bush and bursage are com-

mon across all sections of the terrestrial basin except the 

barren playa.  Vegetation density is described by the dimen-

sionless parameter “lambda” such that λ = [# of plants x 

{(width + height)/2}].  While such a condition may not be 
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relevant to what is found on Mars, this factor was examined 

to determine if Eldorado Valley might be inappropriate as a 

Mars analog.  Ultimately, no correlation was found between 

large scale vegetation and dust devil activity. 

Bulk composition – sieve & pipette:  Bulk surface soil 

samples were collected to a depth of 3 cm for each of the 16 

sites.  Several of the sites have been sub-divided into washes 

and interfluves, or sandy and pebbly sections for a total of 26 

samples.

Surficial Fines availability: The availability of un-

cemented sand (1.7 mm - 106 µm) and fines (less than 

106 µm) on top of the surface was determined using a 

unique vacuum collection technique to simulate the wind 

shear and reduced air pressure of a dust devil vortex. 

Surface response to solar heating – IR thermometer 

transects:  If dust devils form from the hot air that develops 

in contact with a solar-heated desert floor, the extent of such 

heating must be determined.  A Raynger ST™ hand-held 

Infrared thermometer was used to measure 340 ground sur-

face temperatures along three valley-crossing transects for a 

total of 74 km, as well as 120 measurements collected over 

the hard playa.  Isolated plots of ground were able to achieve 

surface temperatures of nearly 63°C.  

Dust Devil Activity Characterization: Dust devil activ-

ity was compiled over the summers of 1995 and 1996 from 

an elevated vantage point located mid-way along the flank of 

Eldorado Valley.  It is important to emphasize that many 

small or transparent dust columns, clearly visible at closer 

range to the chase truck operator, where not apparent to the 

spotter and thus are not included in the tally of 844 vortices.

Timing, duration, physical features: Although vari-

ous single factors can impede dust devil formation, a 

state-wide survey failed to reveal a single Nevada basin 

or valley in which some dust column vortices would 

not develop, given the prerequisite of dry soil and clear 

skies.  Dust devil activity extended from 10:00 local 

time until 18:00, peaking in the early afternoon.  

Local wind conditions during dust devil activity:  

Regional wind speed, direction and temperature were 

measured with instruments located at 2 and 10 m on a 

meteorology mast placed mid-valley for the duration of 

both field seasons.  Data was recorded continuously for 

several weeks each season.  Dust devils formed under 

wind conditions that ranged from calm to sustained 

winds of 8 m/s, gusting to 16 m/s (measured at 2 m).  

Dust Devil Dynamics Via Direct Sampling: Given that 

dust devils are intense, brief and localized phenomena, they 

are not likely to encounter standard stationary meteorology 

instruments, such as airport or weather bureau monitoring 

locations.  Direct sampling was determined to be the appro-

priate approach.  by actively chasing dust devils with a vehi-

cle equipped to sample all aspects of their wind fields.

The result in 1996 was the Laterally Arrayed Net 

Capacity Experiment (LANCE), designed and built by 

the author.  A dual boom structure at a height of 2 m 

above the ground extended 7 m in front of a 4WD 

pickup truck.  The boom length was cautiously in-

tended to eliminate wind effects due to the truck’s vol-

ume.  Instrumentation consisted of a 3D sonic ane-

mometer (with temperature), pressure transducer, sand 

impact detector, total suspended particle collector, and 

ambient wind speed.  Over 20 vortices were sampled, 

many repeatedly. 

Field experiments conducted in June of 2002 in 

southern Nevada chased and directly sampled over 40 

vortices with a profiling instrument array that extended 

down to the desert floor.  Nearly two dozen pressure, 

temperature, and horizontal/vertical wind speed and 

direction sensors reveal a complex microenvironment 

operating at the base of these thermal vortices. 

Summary: The Eldorado Valley in southern Ne-

vada has been extensively studied to determine surface 

geologic conditions and their interaction with dust 

devil thermal vortices which form  in the arid atmos-

pheric boundary layer.  This report is an invitation to 

collaborate with researchers seeking an established 

study area, especially as an analog for Mars.   

The data are available in spreadsheet or gridded 3D 

surface plot formats.  Future investigations will con-

tinue to explore the land-atmosphere intereactions of 

this desert region.  Many nearby resources, equipment 

supplies, airport, food, and lodging provide substantial 

logistical advantages.  The hard playa surface and nu-

merous transect (powerline) roads permit access across 

the valley. 

 

 
“Mars” in southern Nevada: A view from Eldo-

rado Valley playa toward the west.  Note the gravel and 

boulders (typically ≤ 25 cm) delivered to the playa 

margin by debris flows in the bounding range. 
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