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ABSTRACT 

Characterizing Dust from National Wind Erosion Research Network Sites Using 
Strontium Isotopes, Major and Trace Element Chemistry, and Mineralogy 

Abby L. Mangum 
Department of Geological Sciences, BYU 

Master of Science 

The frequency of dust storms is increasing globally yet it is often difficult to determine 
dust sources in mixed events. Dust events may negatively impact human health, but the 
composition of major dust sources is not well characterized in arid regions globally. In the 
western US, the National Wind Erosion Research Network (NWERN) has various sites 
evaluating seasonal dust emissions to quantify dust fluxes. We used existing dust samples to 
characterize the isotopic, chemical, and mineralogical composition of dust over multiple seasons 
from ten representative NWERN sites and compared with land use, vegetation, and surficial 
geology. Our results show variability in dust chemistry across the ten sites primarily related to 
differences in surficial geology (local bedrock and sediment) with other factors playing a minor 
role. In some cases, seasonal vegetation and wind direction played a role in controlling dust 
composition. For example, the El Reno site showed seasonal differences in mineralogy related to 
carbonate precipitation and dissolution in the soil during wet summers and dry winters. The 
Holloman Air Force Base (HAFB) site had distinct seasonal changes in dust chemistry with 
spikes in Na, Mg, Ca, Ni, and Sr during the spring months possibly related to changes in wind 
direction and inputs from neighboring White Sands National Park. The Lordsburg Playa site had 
distinct chemistry relative to other sites with high concentrations of Li, Na, Ca, and Sr due to the 
prevalence of evaporite minerals. Mineralogy results show the presence of quartz, 
phyllosilicates, and feldspar minerals at each of the NWERN sites with HAFB also containing 
calcium sulfate and iron oxide minerals. The 87Sr/86Sr results showed lower ratios correlating 
with younger bedrock (e.g., ~0.7075 at the Red Hills site surrounded by Miocene volcanic 
rocks), but some of the sites with recent surficial sediments had higher ratios (e.g., ~0.714 at the 
CPER site with Tertiary sediments). By creating a library of isotopic, chemical, and 
mineralogical data for dust sources across the western US, our dataset has implications for 
identifying characteristics that may be used for tracking dust sources.  

Keywords: dust chemistry, western US, dust, dust emissions, dust source, strontium isotopes, 
mineralogy, trace and major element chemistry 
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1. INTRODUCTION 

Dust events originate from a variety of sources in arid regions, but information about the 

composition of dust sources is lacking, making it difficult to track the source of dust events.  A 

compilation of novel fingerprints is needed to identify dust sources to make it possible to identify 

key dust sources. Dust fingerprints may include isotopic tracers (Nakano et al., 2004; Négrel and 

Petelet-Giraud, 2005), geochemical tracers (Guinoiseau et al., 2022), mineralogy (Chen and Li, 

2011; Menéndez et al., 2014), and microbes (Abed et al., 2012).  

Dust emissions are increasing globally from a variety of factors, which may change 

seasonally or over longer time periods. These include changes in vegetation cover, precipitation, 

wind velocity, and soil moisture (Wanquan et al., 2004). Dust production is diverse across 

Earth’s surface, and source regions occur in a variety of environments and land use types 

(Prospero et al., 2002). In addition to playas, open land, grazing fields, unpaved roads, and so 

forth are also important sources of dust (Middleton and Goudie, 2001). Increased human activity, 

such as agriculture and livestock grazing, in the American Southwest and the Colorado Plateau 

during the past several decades has been correlated with greater dust production and deposition 

and has been identified on mountain snowpacks on both seasonal to annual timescales (Neff et 

al., 2008; Painter et al., 2007; Reynolds et al., 2001). 

Dust composition and particle size can have a negative effect on its surroundings.  

Mineral dust emitted from playas specifically has been shown to have a variety of potentially 

harmful effects to the environment and human health (Goodman et al., 2019b). This dust can 

cause diseases such as asthma, pneumonia, and valley fever in humans (Derbyshire, 2007; 

Kumar and Rajkumar, 2014; Pope et al., 1991), increase the frequency and intensity of harmful 

algal blooms in lakes (Brahney et al., 2015; Zhang, 1994), cause earlier snowmelt and decreased 
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runoff from mountain snowpack (Painter et al., 2010), and carry many organisms and metals that  

affect air quality and water resources (Carling et al., 2012; Dastrup, 2016; Kellogg and Griffin, 

2006; McTainsh and Strong, 2007). 

Dust sources can be identified by understanding the geochemical composition of dust. 

Geochemical fingerprints have been used in past studies to successfully trace dust from source to 

sink (Goodman et al., 2019a). These fingerprints were identified through trace and major element 

chemistry and isotopes. Sequential leaching of dust samples is used to evaluate element 

availability or mobility in the environment, particularly for potentially harmful anthropogenic-

enriched elements (Carling et al., 2012; Dastrup et al., 2018; Goodman et al., 2019). Variations 

in dust chemistry and largely characterized using trace element concentrations (Ben-Israel et al., 

2015; Zhao et al., 2015). Principal component analysis (PCA) is often used to interpret large 

geochemical datasets and differentiate samples from various sources (Chen et al., 2022; Zeng et 

al., 2022).  

Strontium isotope (87Sr/86Sr) ratios are a useful tool to track dust from source to sink. The 

87Sr/86Sr ratios of dust depend on the geology of dust emission sources. 87Sr/86Sr ratios are a 

useful tool for tracking dust sources because they undergo minimal fractionation due to physical 

processes such as weathering (Flockhart et al., 2015). Strontium is geochemically like calcium, 

which allows the use of Sr as a proxy for Ca in many studies (Salifu et. al, 2018). Rubidium is 

geochemically like potassium and substitutes of K in K-bearing mineral lattices (Salifu et. al, 

2018). 87Rb undergoes radioactive decay to produce radiogenic 87Sr, so K-bearing minerals like 

biotite, muscovite, and illite can result in higher 87Sr/86Sr ratios within the bulk rock composition 

(Salifu et. al, 2018). The 87Sr/86Sr ratios in these samples are a function of the complex mixture 

of minerals in dust, how old each one is, and their individual 87Rb/86Sr ratios ratios.87Sr/86Sr 
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ratios in carbonate minerals have been used to distinguish between playa dust sources and as 

tracers of dust-derived Sr in mountain watersheds (Carling et al., 2020; Dastrup et al., 2018). Sr 

isotopes measured in lake sediments and local volcanic bedrock in the San Juan Mountains in 

Colorado have been linked to exogenous sources, rather than locally eroded bedrock, implying 

long range dust transport to these areas (Neff et al., 2008). Tracing dust sources is also possible 

using radiogenic isotope compositions of the dust preserved in the paleoclimate record (Aarons 

et al., 2017). 

Dust mineralogy is a useful tool for identifying dust sources. Variations in dust 

mineralogy on the regional scale can be subtle, but in some cases may be great enough to 

identify source areas (Lawrence and Neff, 2009). These concentrations vary due to different 

bedrock types and surficial geology. Heavy minerals are more resistant to mechanical breaking 

and chemical weathering, making them a good trace source of nearby sediments. Light minerals 

are a major component of eolian dust, which are likely sourced from sediments further away 

(Chen and Li, 2011). Published geologic maps are useful for determining surficial geology and 

underlying bedrock that control mineralogy.  

Remote sensing and normalized difference vegetation index (NDVI) has been used to 

evaluate dust susceptibility in arid regions around the world (Kimura, 2012; Lee and Kim, 2012). 

NDVI using Landsat imagery is particularly useful for identifying areas with bare earth, 

indicating a greater potential for dust production (Xu et al., 2006). Understanding how vegetation 

cover changes seasonally can help determine how dust sources vary as these factors change. 

Maps of NDVI data are created using geographic information system (GIS) software to evaluate 

seasonal changes in vegetation (Borana and Yadav, 2018).  
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The purpose of our study is to develop a dataset of dust composition using samples from 

multiple land use types in dust-emitting regions across the western United States. Specific 

objectives are to: 1) develop isotopic, geochemical, and mineralogical fingerprints for 

characteristic dust sources; 2) investigate seasonality of fingerprints; and 3) create GIS maps of 

surrounding vegetation and surficial geology to better understand dust source regions. To 

accomplish these objectives, we measured trace and major element chemistry, 87Sr/86Sr ratios, 

and mineralogy in seasonal and interannual dust emission samples collected by the National 

Wind Erosion Research Network (NWERN). Additionally, we used remote sensing products and 

GIS software to characterize the geology and vegetation cover at each NWERN site. Better 

understanding of dust fingerprints from different source areas will inform dust tracking and 

future policy, helping make better decisions for hazard mitigation moving forward. 

2. SITE DESCRIPTIONS 

Dust samples for this study were provided by the National Wind Erosion Research 

Network (NWERN) and funded by the National Science Foundation (NSF). The NWERN was 

established in 2014 as a collaborative effort between departments to create a long-term research 

program to address critical challenges in wind erosion research and management in the United 

States (Webb et al., 2016). The network aims to provide data to help understand basic aeolian 

processes across various land use types and management practices, develop models to assess 

wind erosion and dust emissions, and encourage collaboration in the aeolian research community 

(Webb et al., 2016).  

 

Site Descriptions 
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We obtained dust samples from ten NWERN sites across six states across the western 

United States (Figure 1). The samples were collected using modified Wilson and Cooke 

(MWAC) samplers (Webb et al., 2015) to capture dust and soil that are lofted and transported 

from their source area. The sites were chosen by NWERN with varying land use types and 

climate conditions for the purpose of our study (Table 1). We checked for seasonality for the 

sites that had multiple samples from multiple seasons. The sites that did not have sufficient data 

for multiple seasons were Akron, Lordsburg, and Mandan. We analyzed the geochemistry and 

microbial makeup of the dust provided to develop fingerprints to help us better understand dust 

sources and sinks in these areas. Each of the study sites are described below using information 

from the NWERN website (www.winderosionnetwork.org).  

 

Colorado 

 Two of our sites were in the state of Colorado - Akron and the Central Plains 

Experimental Range (CPER). Each of these sites are located on the Central Great Plains 

Research station in a semi-arid climate, which consists of cold, dry winters and hot, dry 

summers. Both sites are managed by the USDA-ARS (United States Department of Agriculture - 

Agricultural Research service) LTAR (Long Term Agroecosystem Research) network.  

 Akron 

The Akron site is a cropland agriculture site with no-till winters and a rotation of wheat, 

corn, and millet in the summer. This site is 7 km east of the town Akron, just 154 km southeast 

of the CPER site. The soils are loam to silty loam soils on the surface, which sit on tertiary aged 

loose to well-cemented sand and gravels. This site is surrounded by Tertiary aged ashy claystone, 

sandstones, and conglomerate units with abundant Quaternary eolian dune deposits consisting of 

http://www.winderosionnetwork.org/
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sand, silt, and Peoria loess (Figure 2) (USGS, 1979). Average annual precipitation is 421mm 

with most occurring between April and August. Temperature ranges from 15° C and 31° C in 

July and -9° C to 3.5° C in January. The terrain slope is 0% and nearby terrain slopes range 

between 0 and 3%.  

 

Central Plains Experimental Range (CPER) 

The Central Plains Experimental Range Network site is a rangeland research station 

grazed by cattle 40 km northeast of the town Greenly, Co. This site has similar soils to the Akron 

site, composed of a sandy clay loam above a fine sandy loam. With their similar climate, soil, 

and bedrock conditions, these sites provide a direct comparison between rangeland and cropland 

land use types in this area. This site is located on Quaternary aged alluviums and gravels 

surrounded by Tertiary aged ashy claystone, sandstones, and conglomerates and Upper 

Cretaceous shales, claystone, and sandstone in the Laramie Formation (Figure 3) (USGS, 1979). 

Average annual rainfall is 320mm with most occurring between April and September. 

Temperature ranges between 14° C and 34° C in July and -9° C to 8° C in January. The terrain 

slope is 0% with surrounding terrain slopes ranging from 0 to 15%.   

 

Oklahoma 

 One site is in the state of Oklahoma- the Southern Plains site in El Reno. 

  

Southern Plains - El Reno 

The El Reno site is an agriculture site with a no-till wheat winter 50 km west of 

Oklahoma City. Like the Colorado sites, El Reno is managed by the USDA-ARS (LTAR) 
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network. The climate is temperate sub-humid, which lends itself to cool, dry winters, hot, wet 

summers and wet falls and springs. No research has been done regarding the soil type in this 

area, according to the NWERN site. But looking at the web soil survey through USDA, the soils 

for this area are classified as Norge silt loams with an average pH of 5.6. The El Reno site is on 

the eastern edge of the Anadarko Basin, bordering the Anadarko Shelf. The geology surrounding 

this site contains Permian aged bedrock composed of shales, sandstones, and gypsum, and 

Quaternary aged alluvium, dune sand, and volcanic ash. (Figure 4)(USGS, 1954). Average 

annual rainfall is 815mm with most occurring in the spring and summer. Temperature ranges 

from 0.5° C in January to 30° C in August. No slope has been recorded at this site.  

 

New Mexico 

 Three of the sites we studied are in New Mexico state - Holloman Air Force Base 

(HAFB), Jornada Experimental Range (Jornada) and Lordsburg Playa (Lordsburg). Each of these 

sites is an arid to semi-arid climate.  

 

 Holloman Air Force Base (HAFB) 

The Holloman Air Force Base site is located in the Tularosa Basin in the Chihuahuan 

Desert in south-central New Mexico. In addition to being a military airfield, the area is 

occasionally used as rangeland for cattle. The climate is arid to semi-arid with low annual 

precipitation and strongly biologically crusted cyanobacteria soils. Soils are gypsiferous fine to 

very fine sandy loams with a high gypsum content. This site is bounded on either side by the San 

Andres and Sacramento Mountains with White Sands National Monument directly to the west. 

The geology surrounding consists of Quaternary eolian, alluvium, and piedmont alluvial deposits 
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with Quaternary aged basaltic to andesitic lava flows in the north and Pennsylvanian aged 

limestone, sandstones, and shales in the Sacramento Mountains to the east (Figure 5) (USGS, 

2003). Average annual rainfall is 278mm with most occurring between June and September. 

Temperature ranges between 25° C and 8.5° C year-round. The terrain slope is 0% 

 

Jornada Experimental Range (Jornada) 

The Jornada Experimental Range (LTAR) site is located in the Jornada Basin in south-

central New Mexico in the northern Chihuahuan Desert. The basin is bounded by the Rio Grande 

Valley to the west and the San Andres Mountains to the east. This site is a rangeland research 

station grazed by cattle. The soils are mostly sandy loam to fine sandy loam with little to no 

biological crusting, but high calcium carbonate content. The surrounding geology consists of 

Quaternary sand, gravel, alluvium, and piedmont alluvial deposits. East and southeast of the site 

is composed of middle Pleistocene to upper Miocene aged sand and gravel from the Upper Santa 

Fe Group, with Tertiary aged intrusive igneous rocks, ranging from intermediate to silicic in 

composition. (Figure 6) (USGS, 2003). Average annual precipitation is 250mm with most 

occurring between June and September. Temperature ranges between 25° C and 5° C and the 

terrain slope is less than 0.5%. 

 

Lordsburg Playa (Lordsburg) 

The Lordsburg Playa Network site is located 20 km southwest of Lordsburg, New 

Mexico on a dry lakebed playa in the northern Chihuahuan Desert. Vegetation is very sparse, and 

the area is occasionally used for rangeland cattle grazing. The geology at the site is 

predominantly Quaternary lacustrine and playa deposits. The mountains surrounding the playa 



 

9 
 

are composed of Tertiary aged andesitic to dacitic lava flows, rhyolitic lavas and tuffs, and 

Quaternary piedmont alluvial deposits. South of the site consists of more basaltic to andesitic 

lava flows (Figure 7) (USGS, 2003). No information was provided on precipitation, temperature, 

or slope for this site.  

 

North Dakota 

One site is in North Dakota state - the Northern Plains site in Mandan. 

 

 Northern Plains - Mandan 

 The Mandan site is located on the Missouri Plateau in the Temperate Steppe Ecoregion of 

North Dakota 6 km south of Mandan. Mandan is part of the Long-Term Agroecosystem 

Research (LTAR) network and managed by the USDA Northern Great Plains Research 

Laboratory (NGPRL). This site has a semiarid continental climate where evaporation exceeds 

precipitation each year. This is an agriculture site that grows sunflowers, soybeans, wheat, and 

corn and consists of a silty loam soil at the surface. The geology at the site consists of 

predominantly Quaternary aged silts, clays, and glacial till. (Figure 8) (Murphy, 1999). Average 

temperature in the summer is 21° C and -11° C in the winter. The terrain slope is 0 to 3% 

characterized by rolling hills.   

  

Utah 

One site is in Utah state in Moab.  

 

Moab 
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 The Moab site is located on the Bartlett Flat in south-eastern Utah north of Canyonlands 

National Park and east of the Green River and Labyrinth Canyons. This site is a semi-arid 

climate with heavy rangeland use from cattle. The heavy grazing has resulted in a lack of 

biological crust on the soils, which is characteristic for other areas in Moab. The geology here 

reflects that of the Colorado Plateau, including Quaternary eolian deposits and characteristic 

units such as the Navajo sandstone, Entrada sandstone, Morrison Formation, and Kayenta 

Formations (Figure 9) (Doelling, 2002). Temperature ranges between 19° C and 33° C in July 

and -6° C to 3° C in January. The terrain slope is less than 1%. 

 

Nevada 

Two of our sites are in Nevada state - Red Hills and Twin Valley. Each of these sites are 

rangeland areas grazed by cattle and wild horses and are located relatively close to each other. 

Both sites are run by the USDA-ARS Great Basin Rangelands Research unit in Reno, Nevada, 

and the Bureau of Land Management (BLM) office in Winnemucca, Nevada. Average annual 

precipitation is 200mm, most of which occurs as winter snow. Temperatures range from 7° C to 

10° C year-round. The climate is semi-arid with warm, dry summers. Both sites were affected by 

the Martin Fire in July of 2018, which burned almost 100% of the area surrounding Red Hills 

and Twin Valley.  

  

 Red Hills 

The Red Hills site is in north central Nevada on the foot slope of a fan remnant within a 

complex mix of low hills and alluvial fans, 30 km northeast of Paradise Valley, Nevada. Surface 

soils here consist of loams that previously had biological crusts before the fire. The surrounding 
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geology consists of middle to late Miocene basalt and rhyolitic flows, beach and dune sand 

deposits, and welded to non-welded silicic ash flow tuffs (Figure 10) (Stewart and Carlson, 

1978).  

 

Twin Valley  

The Twin Valley site is in north central Nevada on a plateau about 28 km south of the 

border between Nevada, Oregon, and Idaho. Twin Valley has similar climate and soil 

composition to the Red Hills site, due to their proximity. This site is located on the Brandbury 

formation, which consists of middle to late Miocene basalts, gravels, tuffaceous sediments and 

scattered beach and dune sand deposits (Figure 11) (Stewart and Carlson, 1978).  

 

3. MATERIALS AND METHODS 

3.1 Sample Collection 

 To evaluation dust emissions across the western US, samples were obtained from ten 

representative NWERN sites. The NWERN samples collected for analysis ranged across three 

years (2018-2020) and were consolidated by season (Spring, Summer, and Fall). Spring samples 

were collected from March – May, Summer samples were collected from June – August, and 

Fall samples were collected from September – November. NWERN samples were collected 

using Modified Wilson and Cook samplers (MWAC). Each site consisted of three MWAC 

samplers randomly placed in a grid cell of a one hectare 3 x 3 grid, with a mast and wind vane 

installed to direct the airborne sediment into the collectors. These samplers contain collectors 

situated at four different heights (10cm, 25cm, 50cm, 80cm) to measure horizontal dust flux 

(Webb et al., 2015), which were collected monthly. Dust was processed from the highest two 
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MWAC containers because dust particles higher from the soil surface are more representative of 

dust suspended over longer distances, due to their smaller grain sizes. These collectors were 

emptied according to NWERN protocols and stored in clean plastic vials and bags before being 

shipped to Brigham Young University for analyses. These samples were analyzed as a total bulk 

sample.  

 

3.2 Laboratory analyses 

 To measure the trace and major element concentrations in the NWERN samples, an acid 

dilution was performed to prepare samples for inductively coupled plasma mass spectrometry 

(ICP-MS). Dust samples were analyzed following a one-step aqua regia leaching procedure. The 

total concentration of each element was calculated from the sum of this step. 50 mg of dust from 

each sample was separated into 15 mL centrifuged tubes, which had been previously sterilized 

with 10% HCl, heated for 48 hours at 60°C (rotated every 24 hours), and rinsed with Milli-Q 

water and dried. Aqua regia was added to each sample (1.33 mL HCl and 0.67 mL HNO3 -2 mL 

of aqua regia total), and the sample was stirred vigorously. Samples were left to equilibrate for 

~24 hours, followed by centrifugation at 3000 rpm for 5 minutes. After centrifugation 1.6 mL of 

this centrifuged aqua regia was pipetted off into a new tube. The original sample was rinsed with 

Milli-Q water filled to the 5 mL line in each tube and centrifuged again with the same 

parameters. The process was repeated twice, pipetting off 4.5 mL of the centrifuged liquid from 

each sample into the new tubes. This resulted in ~10.5 mL of each acid digested dust sample, 

which were stored in the fridge until they were transported to the University of Utah for ICP-MS 

analysis. At the University of Utah, 1 mL of the sample was pipetted off into a new tube and 

mixed with 100 mL of indium, which is used as an internal standard during the process. These 
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new tubes were filled to the 10 mL line with 2.4% HNO3 TMG and the resulting liquid was 

transferred into grid trays to be loaded into the ICP-MS.   

The leachate was analyzed for trace and major element concentrations using an Agilent 

8900 triple quadrupole ICP-MS at the ICP-MS labs, Department of Geology and Geophysics, 

University of Utah (https://earth.utah.edu/research_facilities/earth-core-facility/icp-ms.php). 

Concentrations were quantified using and external calibration curve for the following 44 

elements: Li, Be, B, Na, Mg, Al, K, Ca, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Rb, Sr, Y, As, 

Mo, Cd, Sb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu, Tl, Pb, Th, and U. The 

external calibration curve was prepared from 1,000 mg/L single-element standards (Inorganic 

Ventures, Christiansburg, VA, USA), with maximum concentrations around 0.1 mg/mL for trace 

and 10 mg/mL for major elements. Masses 7, 9, 11, and 27 under no-gas mode were used for Li, 

Be, B and Al respectively. Masses 39, 56 and 78 under H2 mode were used for K, Fe and Se 

respectively. Masses 23, 24, 45, 51, 52, 55, 59, 60, 63, 66, 85, 88, 89, 95, 111, 121, 133, 137, 

139, 140, 141, 146, 147, 153, 157, 159, 163, 165, 166, 172, 175, 205, 208, 232 and 238 under He 

mode were used for Na, Mg, Sc, V, Cr, Mn, Co, Ni, Cu, Zn, Rb, Sr, Y, Mo, Cd, Sb, Cs, Ba, La, 

Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu, Tl, Pb, Th, and U respectively. Masses 44>44 

and 75>91 under O2 mode were used for Ca and As. Diluted samples, calibration solutions, 

reference solution and blanks, were added 10 ng/mL In as internal standard and run in the ICP-

MS using a dual pass quartz spray chamber: PTFE nebulizer and dual-syringe introduction 

system (Teledyne, AVX 71000), platinum cones and sapphire injector in a platinum-shielded 

quartz torch. Limit of determinations for each element were calculated as three times the 

standard deviation of the background, multiplied by the total dilution factor used for samples 

(~2,000). A standard reference solution (SRM 1643f, Trace Elements in Water, National Institute 

https://earth.utah.edu/research_facilities/earth-core-facility/icp-ms.php
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of Standards and Technology, Gaithersburg, MD) was analyzed multiple times in each run 

together with the samples as a continuing calibration verification. The long-term reproducibility 

for SRM 1643f shows that our results are accurate within 5% for most elements. The ICP-MS 

instrument is in a filtered air positive pressure lab and sample handling and dilutions were 

performed in laminar flow benches and using calibrated pipettors (Eppendorf Reference, 

Hamburg, Germany). 

 To characterize mineralogy in the NWERN dust samples, X-ray Diffraction (XRD) was 

used. This was evaluated as bulk sample as not enough samples were provided to separate out 

bulk from fine material (85 samples in total). Sample preparation involved grinding down dust 

samples with methanol, evaporating off the alcohol, then grinding down again with hexane and 

evaporating off the remaining alcohol. Dust samples were then pushed through a 250-micron 

sieve and stored in clean bottles for later XRD analysis. Samples were analyzed on zero 

background holders with a Rigaku MiniFlex 600 XRD. Resulting patterns were quantitatively 

interpreted from the Reference Intensity Ratio (RIR) method with the Rigaku PDXL2 software. 

For the RIR method, weight ratios are calculated from given intensity ratios of the substance 

normalized to a known standard and its highest peak intensity (Hubbard et al., 1976). 

 To understand how isotopic fingerprints are unique to each area, strontium isotope 

(87Sr/86Sr) ratios were analyzed using the same leachate used for the trace and major element 

analysis. One or two dust samples from each site (n = 13) were analyzed for 87Sr/86Sr ratios on 

the aqua regia leachate using a MC-ICP-MS. These samples were processed the same way as 

outlined in (Carling et al., 2020). The samples were purified inline using a Sr-FAST ion 

chromatographic column packed with a crown ether resin (Mackey and Fernandez, 2011). 

Results were interpreted by plotting each of the 87Sr/86Sr ratios against each other and comparing 
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bedrock ages at each site and the surrounding area (Figure 16). During the analyses reported 

herein, we determined the 87Sr/86Sr ratio of the standard reference material SRM987 (certified 

value of 0.71034 ± 0.00026) to be 0.710300 ± 0.000008 (n = 13; mean ± standard deviation). 

The 87Sr/86Sr ratios were corrected for mass bias using an exponential law, normalizing to 

86Sr/88Sr = 0.1194 (Steiger and Jäger, 1977). Isobaric interferences on the 87Sr/86Sr ratios, such as 

from 87Rb and 86Kr, were corrected by simultaneously monitoring 85Rb and 83Kr using the 

corresponding invariant ratios of 87Rb/85Rb = 0.385706 and 86Kr/83Kr = 1.502522 (Steiger and 

Jäger, 1977).   

 

3.3 Normalized Difference Vegetation Index (NDVI) maps of sample sites 

 To understand how vegetation cover changes over time, Landsat 8 imagery was used to 

create raster layers displaying vegetation for each season at every sample site (Figure A1). This 

was done using imagery found on Earth Explorer. Images for each season were chosen based on 

the following criteria: less than 10% cloud cover, appropriate season (Spring = March - May, 

Summer = June - August, Fall = September - November), had Bands 4 (RED) and Band 5 (NIR) 

for NDVI analysis. Images chosen were consistent with the years and seasons the dust was 

sampled. In some instances (Moab), two Landsat images from different days were mosaicked 

together to cover the entire area of interest. Each of these images were uploaded into ArcGIS Pro 

where a Model Builder code was used to calculate the Normalized Difference Vegetation Index 

(NDVI) (Figures 12 and 14). This was calculated using Eqn 1 below by inputting the RED and 

NIR bands for each raster and setting parameters as found in (Heidarian et al., 2018).   

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  
(NIR –  RED)

(𝑁𝑁𝑁𝑁𝑅𝑅 +  𝑅𝑅𝑅𝑅𝑁𝑁)
 

The resulting rasters were colored for easier interpretation and compared over time.  
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3. 4 Geologic maps of study sites 

Geologic maps for each study site were compiled and manipulated using ArcGIS Pro and 

Adobe Illustrator (Figures 2-11). Reference maps were found on state geologic survey websites 

or provided by the United States Geological Survey (USGS). Often GIS databases and shapefiles 

were unavailable, and pdfs of geologic maps were georeferenced and traced to create unique 

polygon feature classes. Unit descriptions for these maps were taken from the original map pdfs. 

Colors were standardized according to the official USGS colors for easier comparison across all 

maps.   

 

3.5 Principal component analysis (PCA) 

 A principal component analysis (PCA) was run on the trace and major element chemistry 

using MATLAB. The data was cleaned up by removing all the nan values and replacing them 

with the minimum value of the element divided in half. The data was z-scored and run through a 

PCA. Using the table of trace and major element results, this displayed and compared all the 

samples against each other and helped with the interpretation of trends in elemental composition 

between the different sites (Figure 13). For this study, sample DTL-14 was excluded from the 

PCA because of its unusually high concentrations of Cu. This was likely due to contamination, 

as none of the other samples at this site contain large concentrations of Cu.  

 

4. RESULTS 

4.1 Strontium isotope (87Sr/86Sr) ratios show spatial variability in dust sources 

Strontium isotope (87Sr/86Sr) ratios showed distinct differences in dust sources based on 

the local bedrock and sediment sources. Dust samples from the oldest bedrock generally had the 
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highest 87Sr/86Sr ratios, and samples from the youngest bedrock had the lowest ratios (Figure 16). 

These can be explained by their mineral composition and overall age of the samples. Some 

exceptions included El Reno, Moab, and Lordsburg where the dust consisted of sediments 

derived from a mixture of older and younger bedrock or contained minerals with K and Ca, 

causing the 87Sr/86Sr ratios to be higher for samples containing more K-bearing minerals, and 

lower for samples containing more Ca-bearing minerals.  

Strontium isotope (87Sr/86Sr) ratios varied across NWERN sample sites according to local 

bedrock ages and the influence of surficial sediments. Bedrock ages ranged from Permian to 

Holocene and generally plotted oldest to youngest, with a few exceptions. The Colorado sites 

(CPER and Akron) are both located in NE Colorado with the CPER site located on Late 

Cretaceous shale bedrock (Figure 3)(USGS, 1979), while the Akron site sits on younger, 

Pliocene Sandstone (Figure 2)(USGS, 1979). The CPER 87Sr/86Sr ratio (~0.714) was higher than 

the 87Sr/86Sr ratio for Akron (~0.713) because of its older bedrock source.  

The strontium isotope (87Sr/86Sr) ratio at Lordsburg, NM was higher than expected (~0.712) 

given that the site is located on a playa that consists of Holocene lake deposits. Holocene 

sediments should have a lower 87Sr/86Sr ratio if they are sourced from young rocks. However, the 

bedrock surrounding the playa contains Oligocene and Cretaceous aged igneous rocks (Figure 7) 

(USGS, 2003) that may contribute to relatively high 87Sr/86Sr ratios. The Lordsburg playa sample 

was 16% muscovite, a K-bearing mineral that may also contribute to a higher 87Sr/86Sr ratios. 

El Reno, OK consists of two different samples - one taken in the spring, and one taken in the 

fall. These plots are in two very different places in Figure 16. The bedrock under El Reno is 

Permian aged shales, the oldest bedrock from all the sites sampled (Figure 4). However, the 

87Sr/86Sr ratio here is lower than expected (~0.711 - 0.709). The El Reno site is surrounded by 
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Holocene alluvium, which is likely mixing with older bedrock and bringing the 87Sr/86Sr value 

down. In the spring, this 87Sr/86Sr value is substantially lower, which is likely from more mixing 

and higher concentrations of carbonate minerals in the soil due to seasonal carbonate 

precipitation when the soil is dryer.  These carbonate minerals in the spring samples are 

composed of more Ca-bearing minerals, such as gypsum, calcite, and dolomite, which may also 

contribute to a lower 87Sr/86Sr ratio.  

The Moab, UT site is on Holocene eolian sand deposits and is surrounded by Lower Jurassic 

aged Navajo Sandstone (Doelling, 2002). Mixing from this older bedrock unit is a likely cause 

for a higher 87Sr/86Sr ratio value with relation to the other sample sites. These samples also 

contain muscovite and illite, K-bearing minerals that could contribute to a higher 87Sr/86Sr ratio 

with relation to the other NWERN sites.  

The Jornada, NM site consists of Holocene alluvial deposits, with both the spring and fall 

sample compositions remaining relatively consistent (USGS, 2003). Seasonal changes may cause 

mixing from the Middle Pleistocene sandstones in the nearby Upper Santa Fe Group that could 

account for the slight difference between spring and fall samples  

The Twin Valley, NV, and Red Hills, NV sites are relatively close to each other, but 

differ in their bedrock type. The Twin Valley site is located on Miocene aged basalts while the 

Red Hills site is located on Pliocene coarse to fine detrital (Stewart and Carlson, 1978). The 

Twin Valley bedrock is slightly older, which likely explains its higher 87Sr/86Sr ratio relative to 

Red Hills. Twin Valley also contained microcline and muscovite, K-bearing minerals that could 

contribute to a higher 87Sr/86Sr ratio here than in Red Hills 

 

4.2 Trace and major element chemistry shows variability across NWERN sites 
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 Dust from each of the NWERN sites has distinct trace and major element chemistry with 

some overlap between the different sites. The Mandan, ND site had distinct chemistry relative to 

other sites with high concentrations of metals Cr, Fe, Co, and Ni, suggesting anthropogenic 

inputs or elevated, naturally occurring metals in the soil (Jyoti et al., 2015). Lordsburg playa also 

had distinct chemistry relative to other sites with higher concentrations of all 40+ trace and major 

element concentrations analyzed, with especially high concentrations of Li, Na, Mg, Ca, and Sr, 

which are more common playa elements. Seasonal variation for various elements at HAFB and 

El Reno sites was also found. HAFB had seasonal spikes in Li, Na, Mg, Ca, and Sr during the 

spring and summer months, which could be attributed to seasonal, gypsum-rich inputs from the 

adjacent White Sands National Park. El Reno had seasonal spikes in Na, Mg, Al, K, Ca, Cu, Zn, 

and Sr during the spring months, which drop again in the fall. This could be due to changing 

agricultural processes throughout the year, or carbonate dissolution and precipitation cycles with 

the wet and dry seasons.  

 

4.3 Principal component analysis (PCA) shows distinction between playa influenced sites 

compared to others 

The PCA showed distinction between playa-influenced sites and all others. In the PCA, 

HAFB and Lordsburg plotted separately from the other sites (Figure 13a). PC1 explains 58.07% 

of the variation, being most influenced by Be, Al, K, Sc, (Fe), Rb, As, Cs, and REE+Y. PC2 

explains 13.83% of the variation and is most influenced by Li, Na, (Mg), Ca, Cr, Cu, Se, Sr, and 

Mo. In the trace and major elements, the PCA showed a distinct separation for HAFB and 

Lordsburg from the other eight sites along PC2. Dust from Lordsburg contains the highest 

concentrations of playa elements Li, Na, Mg, and Sr. The HAFB dust shows enrichment in Na, 
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Mg, and Sr during the spring due to SW winds adding gypsum and other playa elements from 

White Sands National Park. Dust enriched in these playa elements, as shown through the PCA, 

shows a distinct fingerprint when compared to the agricultural and rangeland land use types. 

These clusters along PC2 are likely correlated with regional weathering intensity, as derived 

from the amount of quartz and feldspars in the dust mineralogy (Figure 14).  

The other eight agriculture and rangeland land use types were run through the PCA again 

without the HAFB and Lordsburg samples (Figures 13b and 13c). In Figures 13b and 13c, PC1 

explains 61.13% of the variation, being most influenced by Li, Be, K, Sc, V, Mn, Fe, Co, Rb, As, 

and REE+Y. PC2 explains 8.38% of the variation and is most influenced by Cr, Ni, Se, Mo, Cd, 

Tl, and Pb. PC3 explains 6.93% of the variation and is most influenced by Na, Mg, Al, Ca, Cu, 

Sr, and -Sb. The Mandan samples plot high on PC2 due to their enrichment in Cr, Ni, Tl, and Pb 

relative to the other sites (Figure 13b). In Jornada, the spring samples plot higher on PC1 due to 

being more enriched in Li, Be, K, V, Mn, and Fe than the fall and summer samples there (Figure 

13b). The spread across PC2 in the Akron samples can be explained by the higher concentrations 

of Cr, Ni, Tl, and Pb present in the spring 2019 samples than the spring 2020 samples (Figure 

13b). In Figure 13c, fall samples from Moab, Jornada, and El Reno plot higher on PC3 due to 

being more enriched in Na, Al, Mg, Ca, and Sr (Tables A1 and A4).  

 

4.4 Mineralogy shows seasonal variation in individual sites and common minerals found at all 

sites.  

 Mineralogy showed similarities across all sites with distinct variation within individual 

sites. All sites contained quartz, phyllosilicates, and feldspar minerals. Other sites showed 

distinct minerals that varied with the underlying bedrock, with some sites showing seasonal 
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variability. El Reno shows carbonates in the spring that do not show up in the fall sample. HAFB 

shows an increase of gypsum in the spring that decreases drastically in the fall. El Reno, HAFB, 

Jornada, Lordsburg, and Moab all contain calcite with HAFB also containing calcium sulfate and 

iron oxide minerals (Figure 15). Averaged mineralogy results for each NWERN study site can be 

found Figure 14. 

  

5. DISCUSSION 

5.1 Factors influencing fingerprints across dust sources 

Geochemical, mineralogical, and isotopic data are useful to fingerprinting sites based on 

their geology. However, these measurements are not always useful for distinguishing between 

distinct land use types. For example, the Akron and CPER sites have similar 87Sr/86Sr ratios, 

geochemistry, and mineralogy, but different land use types. The Akron and CPER sites in 

Colorado also exhibit very similar climate, soils, and bedrock conditions. Akron is an 

agricultural site, while CPER is a rangeland site. Because of the proximity to one another, the 

bedrock geology remains constant, with dust from each site containing similar amounts of 

muscovite, calcic plagioclase, sodic plagioclase, and quartz (Figure 15). The trace and major 

element composition on the PCA (Figure 13a) shows each site is similarly enriched in PC2 playa 

elements. There is some distribution across PC1 (Figure 13b), which is due to more enrichment 

of PC1 elements (Fe, Mn, REE+Y, etc.) in Akron than CPER, which is why Akron plots higher 

on this axis. These two sites are geochemically similar. Their resulting 87Sr/86Sr ratios reflect a 

consistent dust source for each of the two sites (CPER ~0.714, Akron ~0.713). Due to the 

abundant similarities between these two sites, another method is needed to create a unique 

fingerprint. Microbial fingerprints for these same samples show distinct microbiomes in the 
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Akron samples associated with the presence of heavy metals or anaerobically digested slurry. 

This is attributed to mixtures in fertilizers due to agriculture (In prep: Leifi, 2023). These same 

microbiomes are not found in the CPER site, allowing a distinction between agricultural and 

rangeland sites. Microbial analyses such as this one is invaluable in creating unique dust 

fingerprints for different land use sites like these that are so geochemically similar.  

Another example where the geochemistry alone was not sufficient to differentiate 

between sites was with the Nevada NWERN samples. In the Black Rock volcanic field in 

Nevada, especially low 87Sr/86Sr ratios have been observed (~0.703) due to younger bedrock 

ages (<600 ka) (Rasoazanamparany et al., 2015). The Red Hills and Twin Valley sites are 

rangelands that lie on Miocene-aged basalts and dune deposits, so low 87Sr/86Sr ratios are 

expected in these volcanic rocks (Red Hills ~0.7075, Twin Valley ~0.7076). The 87Sr/86Sr ratios 

measured in each sample were the similar, likely due to the similarly aged bedrock in the 

surrounding area (Figures 10 & 11). Both sites were affected by a regional wildfire that burned 

all the surrounding area. With these similarities, it is likely their mineralogical and geochemical 

fingerprints would be the same. However, this was not the case. Each site has the same 

abundance of quartz with are varying amounts of sodic and calcic plagioclases (Figure 15). Twin 

Valley also includes muscovite, microcline, and calcic plagioclase, while Red Hills includes 

palygorskite and more sodic plagioclase. These differences can be attributed to their location on 

the bedrock. The Twin Valley site is located on basalt, gravel, and tuffaceous sediments, which 

likely includes more calcic rich plagioclase from mafic igneous rocks (Figure 11). The Red Hills 

site is located on the alluvial beach and sand dune deposits, which likely include more clay-rich 

palygorskite minerals and sodic plagioclase (Figure 10). In the PCA graph (Figure 13b), each site 
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is similarly enriched in PC2 playa elements with variation along PC1 due to differences in Na 

and Ca concentrations from local surficial sediments, as seen in the mineralogy discussed above.  

 

5.2 Seasonality of fingerprints 

Most of the NWERN sites showed consistent fingerprints throughout the year, but a few sites 

had seasonal variation in specific measurements. Both the El Reno, OK and HAFB, NM sites 

exhibited seasonal variability either in their mineralogy or their 87Sr/86Sr values, which indicates 

seasonal changes in dust sources for these regions. 

HAFB had consistent 87Sr/86Sr values between fall and spring samples, but differing 

mineralogy. In Figure 14 we see an increase in gypsum in the spring that drastically drops in the 

fall. Seasonal changes in wind direction show a SW prevailing wind in the spring and an SSE 

prevailing wind in the fall (https://weatherspark.com/y/145618/Average-Weather-at-Holloman-

Air-Force-Base-New-Mexico-United-States-Year-Round). The gypsum-rich White Sands 

National Park is located west of the HAFB sample site, which is likely the primary source of 

gypsum for our spring sample. Changing wind directions in the fall means less gypsum-rich dust 

from the gypsum dunes are introduced into the sample.  

El Reno exhibited changes both in mineralogy and 87Sr/86Sr values in the fall and spring 

samples. Carbonate minerals such as dolomite, calcite, and gypsum are present in the spring 

sample that are not present in the fall sample (Figure 14). Oklahoma experiences wet summers 

and dry winters (Figure A1). Changes in carbonate precipitation and dissolution in the soils with 

these wet and dry seasons could explain this discrepancy. Carbonate dissolution in the soils 

happens during the summer months when soil moisture is at its peak with agriculture activity. 

Carbonate precipitation occurs when soil is actively drying in the winter to spring months, which 

https://weatherspark.com/y/145618/Average-Weather-at-Holloman-Air-Force-Base-New-Mexico-United-States-Year-Round
https://weatherspark.com/y/145618/Average-Weather-at-Holloman-Air-Force-Base-New-Mexico-United-States-Year-Round
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likely increases carbonate minerals in our spring sample. This cycle of carbonate precipitation 

and dissolution in the soil is further supported by a low soil pH (pH = 5.6) as recorded by the 

USDA. 

 

5.3 Comparison of methods and results to similar studies 

Previous studies conducted by Aarons et al., 2017 and Munroe et al., 2020 successfully 

used isotopic, geochemical, and mineralogical fingerprints to trace dust. In Aarons, 2017, dust 

source regions heavily affected by known dust events, increased human settlement, and livestock 

grazing. Sampling the top 5 cm of topsoil and separating sediment into size fractions, Aarons 

was able to perform analyses with the size fraction most representative of airborne dust. Aarons 

found distinct 87Sr/86Sr ratios for each of the five regions studied. In the Colorado Plateau, 

87Sr/86Sr ratios ranged from 0.707987 to 0.717230, which aligns with the 87Sr/86Sr value for our 

Moab NWERN site (87Sr/86Sr = 0.70938). In the San Luis Valley, 87Sr/86Sr ratios ranged from 

0.712177 to 0.740236, which fits with the 87Sr/86Sr value for Lordsburg playa on the lower end 

of that range in that region (87Sr/86Sr = 0.71225). These consistencies validate our sampling and 

lab methods and further confirm the influence of surficial sediments, or eroded bedrock, on 

87Sr/86Sr ratios. The study concluded that future work and research is still needed in the 

understanding isotopic compositions of transportable dust from known dust source areas (Aarons 

et al., 2017). 

In Munroe, 2020, the focus was on dust deposition in the Uinta Mountains. Sampling 

surficial sediments in both the Uinta Mountains and arid regions in the western United States, 

Munroe found significant exotic dust deposition in the mountains from these arid regions. The 

results showed the trace and major element chemistry, as well as Sr and Nd isotope 
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compositions, of the A soil horizon most closely resembled dust, while the B soil horizons more 

closely resembled bedrock (Munroe et al., 2020). Using a PCA, Munroe found that PC-1 was 

influenced by Na, Sr, Mg, and Ca, more typical dust elements, while PC-2 was influenced by Fe, 

Ti, K, Zr, Rb, and Al, more typical bedrock elements. Our PCA also clumped Li, Na, Mg, and 

Ca into one principal component with Fe into the other. This has implications for our study, 

interpreting that NWERN sites that plot higher on the principal component controlled by dust 

elements are more like dust, while NWERN sites that plot higher on the principal component 

controlled by bedrock are more compositionally like local bedrock. HAFB and Lordsburg playa 

plot the highest on the dust-controlled principal component axis and are therefore more likely 

influenced by eolian dust. The rest of the NWERN sites plot much lower on this axis, which 

could tell us that their compositions are more influenced by local bedrock. Lordsburg may be the 

exception to this, with it plotting high on both PC-1 and PC-2, implying more equal inputs from 

bedrock and eolian dust sources.  

 

6. CONCLUSION 

Our dataset has implications for characterizing dust sources across the western US and 

identifying characteristics that may be used for source tracking dust events. Dust events have 

many negative effects on human health and the environment, so it is vital that more information 

about dust composition and factors that control dust sources is obtained. 87Sr/86Sr ratios, 

geochemistry, and mineralogy are useful tools to understand dust composition. Changes in dust 

composition can be correlated with changing wind patterns, local or regional bedrock geology, 

and seasonal vegetation changes. Comparing our results to similar, successful studies on dust in 
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this region of the world will help refine our methods and create a dataset of potential dust source 

regions to be utilized in future work.  
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8. FIGURES 

 

Figure 1. Map of NWERN sites across the western United States with 87Sr/86Sr ratios. 
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Figure 2. Geologic map of Akron, CO Modified from the Geologic Map of Colorado produced by the U.S. 
Geological Survey in 1979. Area consists of loose to well-cemented sand and gravels in the Ogallala 
Formation (To), ashy claystone, sandstones, and conglomerate units in the White River Formation (Twr), 
Quaternary aged alluvium, gravels, and eolian deposits (Qe).  
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Figure 3. Geologic map of the Central Plains Experimental Range (CPER), CO . Modified from the 
Geologic Map of Colorado produced by the U.S. Geological Survey in 1979. Area consists of shale, 
claystone, and sandstone from the Laramie Formation (Kl) and the Fox Hills Sandstone to the south. 
Surrounding area consists of loose to well-cemented sands and gravels in the Ogallala Formation (To), 
ashy claystone, sandstones, and conglomerate units in the White River Formation (Twr), and Quaternary 
aged alluvium, gravels, and eolian deposits (Ogo).  
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Figure 4. Geologic map of El Reno, OK . Modified from the Geologic Map of Oklahoma produced by the 
U.S. Geological Survey in 1954. Area consists of Permian aged shale with layers of siltstone and dolomite 
(Pdc). Surrounding area consists of Permian aged sandstone, gypsum, and dolomite (Pm, Pc) with 
Pleistocene clays and gravels (Qt) and Holocene alluvium (Qal).  
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Figure 5. Geologic map of HAFB, NM . Modified from the Geologic map of New Mexico produced by the 
U.S. Geological Survey in 2003. The site consists of Quaternary eolian (Qe), gypsiferous eolian from White 
Sands National Park (Qeg), and alluvium (Qa) with limestones (IP), shales (Pb) and intermediate to silicic 
volcanic rocks (Ti) nearby. This area is enclosed on either side by the Sacramento and San Andres 
mountains.  
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Figure 6. Geologic map of Jornada, NM . Modified from the Geologic map of New Mexico produced by the 
U.S. Geological Survey in 2003. This site consists of Quaternary piedmont alluvium (Qp, Qa) and is 
surrounded by Quaternary sands and gravels (QTs), Permian sandstones, limestones, gypsums, halite, and 
dolomite (Py, P, Ph), granitic plutonic rocks (Yg), and mafic metavolcanic rocks (Xvm).  
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Figure 7. Geologic map of Lordsburg, NM . Modified from the Geologic map of New Mexico produced by 
the U.S. Geological Survey in 2003. This site consists of lacustrine playa deposits (Qpl) and is surrounded 
by piedmont alluvium (Qp, Qa), silicic volcanic rocks (Tl, Tlrf, Tlrp, Tlv, Tla, Tkav), quartzite (Kmb), and 
sedimentary rocks (Ku, PIP).  
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Figure 8. Geologic map of Mandan, ND . Modified from the Surface Geology Mandan Quadrangle 
produced by the North Dakota Geological Survey in 1999. This site sits on Pleistocene glacial till (Qp), 
surrounded by shaley mudstone (Tc), organic rich pond sediments (Qp), and alluvium (Qal, Qat).  
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Figure 9. Geologic map of Moab, UT . Modified from the Geologic map of the Moab and Eastern part of 
the San Rafael desert produced by the Utah Geological Survey in 2002. This site is located on eolian sand 
deposits (Qes) and surrounded by pediment-mantle deposits (Qap) and sandstone (Jn).  
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Figure 10. Geologic map of Red Hills, NV . Modified from the Geologic map of Nevada produced by the 
U.S. Geological Survey in 1981. This site is located on alluvial beach and sand dune deposits (Qa) 
surrounded by basalts (Tbg), rhyolitic flows (Tr3), and silicic ash-flow tuffs (Tt3).  
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Figure 11. Geologic map of Twin Valley, NV . Modified from the Geologic map of Nevada produced by the 
U.S. Geological Survey in 1981. This site is located on basalt (Tbg), surrounded by playa (Qp), alluvial 
beach and sand dunes (Qa), rhyolitic flows (Tt3), and silicic ash-flow tuffs (Tt3).  
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Figure 12. Model Builder used to calculate NDVI for each Landsat 8 image. 
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Figure 13. Principal component analysis (PCA) for 40+ trace and major elements analyzed in all the 
NWERN samples and seasons. A) PCA run with all NWERN sites for PC1 (Be, Al, Ka, Sc, Fe, Rb, As, Cs, 
REE+Y) vs PC2 (Li, Na, Mg, Ca, Cr, Cu, Se, Sr, Mo). B) PCA run without HAFB and Lordsburg sites for 
PC1 (Li, Be, K, Sc, V, Mn, Fe, Co, Rb, As, REE+Y) vs PC2 (Cr, Ni, Se, Mo, Cd, Tl, Pb) C) PCA run 
without HAFB and Lordsburg sites for PC1 (Li, Be, K, Sc, V, Mn, Fe, Co, Rb, As, REE+Y) vs PC3 (Na, 
Mg, Al, Ca, Cu, Sr, -Sb).  
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Figure 14. Averaged XRD results for each NWERN site . El Reno, OK and HAFB, NM showed seasonal 
variation in their mineralogy, which is labeled as ‘spring’ and ‘fall.’  

 
 

 
Figure 15. Mineral composition for each NWERN site 



 

49 
 

 

 
Figure 16. Strontium isotope (87Sr/86Sr) ratios for dust collected by NWERN 

 in the western United States. 
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9. TABLES 

Table 1. Basic characteristics of each NWERN site 

Location State 

Avg 

Rainfall 

(mm) Elevation (m) Soil Texture Land Type 

 

Number of Samples 

Akron Colorado 421 1383 Silty Loam Agriculture 6 

CPER Colorado 320 1650 Sandy Loam Grazed 11 

El Reno Oklahoma 815 420 Silt Loam Agriculture 5 

HAFB New Mexico 278 1267 

Silt 

Loam/Sandy 

Loam Grazed 24 

Jornada New Mexico 250 1320 

Sandy 

Loam/Silt 

Loam Grazed 20 

Lordsburg New Mexico 286 1267 Silt Loam Playa 2 

Mandan North Dakota 410 591 Silt Loam Agriculture 3 

Moab Utah 229 1575 Sandy Loam Grazed 24 

Red Hills Nevada 200 1725 Silt Loam Grazed 12 

Twin 

Valley Nevada 200 1668 Silt Loam Grazed 15 
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