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US Spatial Sample Sites

~4800 sites at a 
sampling density of 
b t 1 it /1600 k 2about 1 site/1600 km2



US Spatial Sample Sites

To date, ~ 1600 sites 
in 23 states have 
complete chemistrycomplete chemistry 



Three samples collected at each site

1. 0 to 5 cm depth, 
regardless of horizonregardless of horizon 
1614 samples

2 C it f A2. Composite of A 
horizon 
1613 samples

3. Deeper subsoil ~ 1 m3. Deeper subsoil  1 m 
depth,  B or C horizon 
1606 samples



Sample analyses on < 2 mm fraction

 Near-total extraction for 42 major and trace elements 

(combined ICP-MS/ICP-AES)

 Mercury Selenium and Arsenic by single element Mercury, Selenium and Arsenic by single element 

methods

 Total and Inorganic carbon (A and C horizons)

 Quantitative XRD mineralogy (A and C horizons) Quantitative XRD mineralogy (A and C horizons)

T t l f 1600 it 3 l 46 l tTotal of ~1600 sites x 3 samples x 46 elements = 
~221,000 elements in geochemical data array, to date.



Major soil chemistry influences

 Parent material
 Weathered bedrock of many typesWeathered bedrock of many types
 Transported and sorted materials
 Alluvium
 Colluvium
 Glacial deposits
 Windblown deposits

 Time
 Soils developed over millions to thousands of years Soils developed over millions to thousands of years

 Climate
 Strong gradients of both temperature and precipitation

 Anthropogenic influences Anthropogenic influences
 Agriculture
 Industrialization/Mining/Mineral Processing
 Historic land use Historic land use



Parent Materials – Soil Age

Climate annual precipitationClimate – annual precipitation

Range in cm
PRISM Group, 
Oregon State University, 
http://www prismclimate orgTopography a ge chttp://www.prismclimate.orgTopography

Elevation in meters



Major Land Resource Areas (MLRAs)

USDA, 2006, Handbook 296, Land resource regions and major land resource 
areas of the United States, the Caribbean, and the Pacific Basin.  



Sodium (Na) in C horizon

High Na in volcanic rocks

Variable Na in 
young glacial 

soils

Uniform Na in 
young loess

High Na in volcanic rocks

Uniform Na
in older loessin older loess

%
Na leached from 

Rocky MountainsColorado
Plateau

Low Na in 
carbonate parentNa in wt. % old, highly 

weathered soils

Mississippi River

carbonate parent
materials

Mississippi River 
alluvial plain



Arsenic (As) in C horizon

As in ppm



Arsenic (As) in 0 to 5 cm soils

As = 72.2 ppm
As in ppm

pp
Pb = 325 ppm



Tungsten (W) in C horizon

W in ppm



Tungsten (W) in A horizon

W in ppm



AsAs AgAg BiBi CuCu PbPb SbSb TeTe WW ZnZn
OO--5 cm5 cm 417417 >10>10 694694 616  >10,000616  >10,000 7373 50.5   1150  >10,00050.5   1150  >10,000
AA 195195 >10>10 129129 88 220088 2200 3333 10 0 198 213010 0 198 2130AA 195195 >10>10 129129 88       220088       2200 3333 10.0     198       213010.0     198       2130
CC 193193 <1 <1 55 3535 8080 2828 <0.1 <0.1 1212 145145

NV 847



Cadmium (Cd) in C horizon

CCd in ppm



Cadmium (Cd) in 0 to 5 cm soils

CCd in ppm



Mercury (Hg) in C horizonMercury (Hg) in C horizon

Hg in ppm



Mercury (Hg) in 0 to 5 cm soilsMercury (Hg) in 0 to 5 cm soils

0 to 5        56.40
A 8.24
C 0.40

0 to 5 4.43
A 6 24

Hg in ppm

A 6.24
C 0.02



Mercury in NE Mercury in NE topsoilstopsoils and and subsoilssubsoils

0 to 5 cm soilsC horizon

Hg in ppmHg in ppm



Phosphorus (P) in A horizon

High P in single site in
Nebraska Sand Hills

P in ppm

0 to 5 4010
A 2860A 2860
C 3940



P in A-horizon soils in 
3 NE Sand Hills sites

NE 11547

3 NE Sand Hills sites

P = 270 ppmP = 270 ppm
P = 160 ppmP = 160 ppm

10 km

NE 8987

NE 3355

P = 2540 ppmP = 2540 ppm



Conclusions from Preliminary Spatial 
S liSampling

 The The geochemical data geochemical data generated by the NASLGP generated by the NASLGP are creating are creating 
a robust database of soil geochemistry for the United Statesa robust database of soil geochemistry for the United Statesa robust database of soil geochemistry for the United Statesa robust database of soil geochemistry for the United States

 Low density (1 sample/~1600 kmLow density (1 sample/~1600 km22) sampling provides soil ) sampling provides soil 
geochemical and mineralogical data that display coherentgeochemical and mineralogical data that display coherentgeochemical and mineralogical data that display coherent geochemical and mineralogical data that display coherent 
continentalcontinental-- and and subcontinentalsubcontinental--scale element patternsscale element patterns

 TThesehese patterns reflect profound differences in soil parent patterns reflect profound differences in soil parent 
t i l d h i ht i l d h i h id li t ff t t tiid li t ff t t timaterials and hemispherematerials and hemisphere--wide climate effects, at times wide climate effects, at times 

overprinted by human activityoverprinted by human activity

 Spatial sampling at this scale and collecting multipleSpatial sampling at this scale and collecting multipleSpatial sampling at this scale and collecting multiple Spatial sampling at this scale and collecting multiple 
samples at varying soil depths at individual sites provide samples at varying soil depths at individual sites provide 
detailed information about the natural variability of elements detailed information about the natural variability of elements 
in the environment and possible human impactsin the environment and possible human impactsin the environment and possible human impactsin the environment and possible human impacts


