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The Sacramento Valley in California is bordered by two mountain ranges; the Coast Ranges and the Sierra Nevadas. 
Both ranges contain extensive exposures of ophiolites now exposed as serpentenites. These ophiolites are  remnants 
of a mid-Jurassic accretionary wedge which attached slivers of ocean crust and mantle to the continental edge. The 
ophiolites contain high concentrations of chromium (Cr) and nickel(Ni) primarily sequestered in the very refractory 
phase chromite. These higher concentrations of Ni and Cr seem to link to higher rates of certain cancers and other 
chronic diseases among area residents such as lung disease,  liver failure. and skin lesions. Although chromite is 
refractory and not a health risk other phases must be present that control the biochemisty of these metals. 

The less than 2 micron fraction of soils which has the greatest  transport potential contains very high levels of Cr and 
Ni that selective chemical extractions have shown to be readily bioavailable in fluids such as simulated lung fluid. 
This finding suggests chemical speciation different from chromite in the finer grain sized sediments. TEM is one of 
the only instruments able to analyze both the chemistry and crystalline structure of minerals that are less than one-
micron in size and is capable of analysis in the nano-particulate size range. UW-Eau Claire collaborated with the 
USGS to study the chemistry of both the fine grained fraction of the soil and particulates collected on air filters from 

Soil Samples 

The Problem: 

Transmission electron microscopy (TEM) allows both chemical and 
crytallographic information to be collected on particulates down to just 

-9a few nano-meters (10 ) meters. This figure shows a chemical 
analysis collected on an energy dispersive x-ray spectorometer 
mounted on the TEM column showing a quantitative chemical analysis 
of a nanocrystalline iron-oxide phase in the soils with significant Ni 
and Cr.   

Central Valley < 2 micron 
soil particulate 

Serpentine asbestos

TEM photomicrographs showing typical 
coast range soil (< 2 micron fraction). 
Primary phases include Fe-oxides, clays 
and serpentine asbestos all of which contain 
appreciable Cr and Ni that could be 
bioavailable if ingested. 

While most valley soils still contain 
appreciable refractory chromite the < 2um 
fraction which makes up 25-35% of the soil 
mass contains significant clays, Fe-oxides 
and residual asbestos. 

Fe oxides 

Clays 

Selective Area Electron Diffraction (SAED) 
of clays shows distinct diffraction spots 
indicating very crystalline structures even 
for clays in the sub-micron range. This 
pattern reflects illite in valley soils 

TEM photo of Fe-Oxide cluster of nano-
particles. This phase is ubiquitous in soils 
samples from both the coast range and the 
central valley soils. Fe-oxide clusters have 
an unusual chemistry that is non-
stoichiometric averaging only about 70% 
Fe2O3, significant SiO2 and Phosphate and 
very high metal loads. 

High-resolution TEM photo of an Fe-oxide 
cluster indicating the nano-particulate nature 
of this soil phase. Average nanoparticle size 
is only 3nm (about 15 atomic diameters). 

SAED of Fe-oxide clusters illustrates very 
diffuse diffraction patterns the result of poorly 
“neo” crystalline material. Still distinct rings 
suggest the phase contains some of the long 
range order of 2-line siliceous ferrihydrite 
which is one of the first Fe-oxide weathering  
products to form in soils. The weakly 
crystalline nature and small particulate size 
makes this phase particularly unstable in 
changing chemical conditions. 

Google earth image of Central Valley, the Coast 
Range and Sierra Nevada Mountains showing 
the study area outlined in orange 

TEM photo of air filter from Roseville 
showing the polymer binder and colloidal 
silica beads used in filter construction. 
Trapped on the filter are airborne Fe-oxides 
similar to those found in valley soils. 

Colloidal Silica
Filter 

Polymer

Clay particles in the air samples from 
Stockton contain levels of metals similar to 
the valley soils and even higher 
concentrations of Pb up to 22,400ppm

Air Samples 

Serpentine crystal from the Stockton air 
sample. Serpentine in air samples contains 
values similar to those found in soils. This 
grain conatined 1200ppm Cr and 2500ppm 
Ni.  

1200ppm Cr 
2400ppm Ni

Smectite

40nm

Many of the iron oxides found in the air 
samples are more crystalline than those found 
in valley soils and have greatly reduced metal 
values (<1000ppm) and are significantly more 
crystalline. Note this Fe-oxide is ten times to 
size of the nano-particulate soil Fe-oxides and 
is ~90% Fe2O3 (Siliceous Ferrihydrite)

Conclusions
 - Both soils and air samples have similar phases.
 - Metals seem to be most concentrated in the least     
crystalline phases which increases chemical reactivity 
and leads to greater bioaccessibility
 - The true physical nature of the Fe-oxide nano-
particles needs additional study.
 - Air samples do show a new poorly characterized 
sulfo-salt with metal loads for Ni, Cr and Pb above 
10,000ppm (not shown on this poster). 

Future Research 
1. Additional characterization of the nano-particulate 
Fe-oxide phase which is ubiquitous but matches no 
known mineral composition. 
2. Crystallographic and chemical characterization of 
the metal bearing sulfo-salts in the air samples. 
3. Correlation of the USGS extraction data with our 
relatively new TEM data 
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